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(54) THIN RLM DEPOSITION METHOD USING AN ATOMIC LAYER VAPOR DEPOSITION 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film 
deposition method using an atomic layer vapor 
deposition method. 

SOLUTION: A first reactant containing an element to 
deposit a thin film and a ligand is poured into a reaction 
chamber containing a substrate and is purged, and next, 
a second reactant is poured and purged. Using a 
substance having bond energy with the element to 
deposit a thin film higher than that of the ligand, by the 
chemical reaction between the element to form into a 
thin film and the secondary reactant, a thin film is 
deposited, and moreover, the production of side- 
reactants is prevented. Alternatively, as the second 
reactant, a substance which does not contain a hydroxyl 
group is used, and after the purge of the second 
reactant, the same is again brought into reaction with a 
third reactant containing a hydroxyl group, by which the 
production of by-products of the hydroxyl group in the 
thin film is prevented. Alternatively, after the purge of 

the second reactant, for removing impurities and improving stolchiometry, the third reactant is 
poured ad purged. In this way, the thin film which does not contain impurities and is also 
excellent in stolchiometry can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The phase of pouring in the 1st reactant which contains in the reaction chamber 
containing a substrate the element and ligand which make a thin film, and carrying out 
chemisorption of the 1 st reactant on said substrate. The phase of purging said reaction chamber 
with inert gas, and removing the 1 st reactant by which physical adsorption was carried out. While 
forming the thin film of an atomic layer unit by the chemical reaction of the element and the 2nd 
reactant which pour into said reaction chamber the 2nd reactant with larger binding energy with 
the element which forms said thin film than said ligand, and make said thin film The thin film 
formation approach using the atomic layer vacuum deposition characterized by coming to 
contain the phase of removing said ligand without generation of a side reaction object. 
[Claim 2] It is the thin film formation approach using the atomic layer vacuum deposition 
according to claim 1 which said 1st reactant Is aluminum (CH3)3, and is characterized by said 
2nd reactant being the activated oxidizer. 

[Claim 3] Said activated oxidizer is the thin film formation approach using the atomic layer 
vacuum deposition according to claim 2 characterized by being ozone (03), plasma oxygen (02). 
or plasma oxidation nitrogen (N20). 

[Claim 4] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 1 characterized by providing further the phase of removing the 2nd reactant by which 
purged said chamber with inert gas and physical adsorption was carried out behind the 
impregnation phase of said 2nd reactant. 

[Claim 5] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 4 characterized by performing repeatedly from the impregnation phase of said 1st 
reactant to the removal phase of said 2nd reactant by which physical adsorption was carried out 
two or more times. 

[Claim 6] The phase of pouring the 1 st reactant into the reaction chamber containing a 
substrate, and carrying out chemisorption of the 1st reactant on said substrate. The phase of 
removing the 1 st reactant by which purged said reaction chamber with inert gas, and physical 
adsorption was carried out, The phase of pouring in the 2nd reactant which does not contain a 
hydroxylation radical in said reaction chamber, and making said 1st reactant by which 
chemisorption was carried out permuting by the metal-oxygen atomic layer, The phase of purging 
said reaction chamber with inert gas, and removing the 2nd reactant by which physical 
adsorption was carried out. The thin film formation approach using the atomic layer vacuum 
deposition characterized by coming to contain the phase which forms the metal oxide film of an 
atomic layer unit where poured the 3rd reactant into said reaction chamber, it made a part for 
the remainder of said 1 st reactant by which chemisorption was carried out permute by the 
metal-oxygen atomic layer and generation of a hydroxylation radical is inhibited. 
[Claim 7] It is the thin film formation approach using the atomic layer vacuum deposition 
according to claim 6 which said 1 st reactant is a metal reactant, and the 2nd reactant which 
does not contain said hydroxylation radical is N20, and 02. 03 or C02, and is characterized by 
said 3rd reactant being oxidation gas. 

[Claim 8] The temperature of said reaction chamber from the impregnation phase of said 1st 



reactant to the impregnation phase of the 3rd reactant is the thin film formation approach using 
the atomic layer vacuum deposition according to claim 6 characterized by being kept at 100-400 
degrees C. 

[Claim 9] Said metal oxide film aluminum 203. Ti02. Zr02, Hf02 and Ta 205. Nb205, Oe02, 
Y203, Si02 and In 203, Ru02. Ir02. SrTi03. PbTiOS, SrRu03. CaRu03. TiO (Ba. Sr)3. Pb In 203 
(ITO) by which 03, O (Zr (Pb. La). Ti)3. RuO (Sr. calcium)3, RuO (Ba, Sr)3. and Sn were doped, 
(Zr, Ti) Or the thin film formation approach using the atomic layer vacuum deposition according 
to claim 6 characterized by being 1203 by which Zr was doped. 

[Claim 10] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 6 characterized by pouring in oxidization gas and carrying out termination processing of 
the dangling bond on the front face of a substrate before impregnation of said 1st reactant when 
said substrate is a silicon substrate. 

[Claim 11] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 6 characterized by coming further to contain the phase of removing the 3rd reactant by 
which purged said reaction chamber with inert gas. and physical adsorption was carried out 
behind the impregnation phase of said 3rd reactant. 

[Claim 12] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 11 characterized by performing repeatedly from the impregnation phase of said 1st 
reactant to the removal phase of said 3rd reactant by which physical adsorption was carried out 
two or more times. 

[Claim 1 3] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 1 1 characterized by coming further to contain the phase of pouring in the 4th reactant 
behind the removal phase of said 3rd reactant by which physical adsorption was carried out for 
the removal of an impurity and the improvement in a stoichiometry to said reaction chamber. 
[Claim 14] Said 4th reactant is the thin film formation approach using the atomic layer vacuum 
deposition according to claim 1 3 characterized by being ozone gas. 

[Claim 15] The phase of pouring the 1st reactant into the reaction chamber to which the 
substrate was carried in. and carrying out chemisorption of said 1 st reactant on said substrate. 
The phase of removing the 1st reactant by which purged said reaction chamber with inert gas, 
and physical adsorption was carried out. The phase which pours the 2nd reactant into said 
reaction chamber, and forms the thin film of an atomic layer unit by the chemical replacement of 
the 1 st reactant and the 2nd reactant. The phase of removing the 2nd reactant by which purged 
said reaction chamber with inert gas, and physical adsorption was carried out. The thin film 
formation approach using the atomic layer vacuum deposition characterized by coming to 
contain the phase of pouring the 3rd reactant into the reaction chamber in which said thin film 
was formed for removal of an impurity, and improvement in a stoichiometry. 
[Claim 1 6] It Is the thin film formation approach using the atomic layer vacuum deposition 
according to claim 1 5 which said 1 st reactant is a metal reactant and is characterized by the 2nd 
and 3rd reactants being oxidation gas. 

[Claim 1 7] Said thin film is the thin film formation approach using the atomic layer vacuum 
deposition according to claim 1 5 characterized by being the metal oxide film which consists of a 
monatomic oxide or a multiple oxide. 

[Claim 18] Said monatomic oxide is the thin film formation approach using the atomic layer 
vacuum deposition according to claim 1 7 characterized by being the gap or a kind chosen from 
aluminum 203. Ti02 and Ta 205. Zr02 and Hf02, Nb205, Ce02, Y203. Si02 and In 203, and a 
group that consists of Ru02 and Ir02. 

[Claim 19] In 203 by which, as for said multiple oxide, SrTi03. PbTi03, SrRu03, CaRu03. TiO 
(Ba. Sr)3. Pb(Zr. Ti) 03, and O (Zr (Pb, La), Ti)3, RuO (Sr. calcium)3 and Sn were doped. The thin 
film formation approach using the atomic layer vacuum deposition according to claim 17 
characterized by being the gap or a kind chosen from a group which consists of In 203 by which 
In203 by which Fe was doped, and Zr were doped. 

[Claim 20] It is the thin film formation approach using the atomic layer vacuum deposition 
according to claim 1 5 which said 1 st reactant is a metal reactant and is characterized by the 2nd 
and 3rd reactants being nitriding gas. 
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[Claim 21] Said thin film is the thin film formation approach using the atomic layer vacuum 
deposition according to claim 1 5 characterized by being the metal nitride which consists of a 
monatomic nitride or a compound nitride. 

[Claim 22] Said monatomic nitride is the thin film formation approach using the atomic layer 
vacuum deposition according to claim 21 characterized by being the gap or a kind chosen from a 
group which consists of SiN. NbN, ZrN. TIN. TaN. Ya3N5. and AIN. GaN, WN and BN. 
[Claim 23] Said compound nitride is the thin film formation approach using the atomic layer 
vacuum deposition according to claim 21 characterized by being the gap or a kind chosen from a 
group which consists of WBN, WSiN, TiSiN. TaSIN. AISiN. and AITiN. 

[Claim 24] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 15 characterized by coming further to contain the phase of removing the 3rd reactant 
by which purged said reaction chamber with inert gas, and physical adsorption was carried out 
behind the impregnation phase of said 3rd reactant. 

[Claim 25] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 1 5 characterized by pouring in oxidization gas or nitriding gas further, and carrying out 
termination processing of the dangling bond on the front face of a substrate before impregnation 
of said 1 st reactant when said substrate is a silicon substrate. 

[Claim 26] The temperature of said reaction chamber from the impregnation phase of said 1 st 
reactant to the impregnation phase of the 3rd reactant is the thin film formation approach using 
the atomic layer vacuum deposition according to claim 15 characterized by being kept at 100- 
400 degrees C. 

[Claim 27] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 1 5 characterized by coming further to contain the phase of removing the 3rd reactant 
by which purged said reaction chamber with inert gas, and physical adsorption was carried out 
behind the impregnation phase of said 3rd reactant. 

[Claim 28] The thin film formation approach using the atomic layer vacuum deposition according 
to claim 27 characterized by performing repeatedly from the impregnation phase of said 1 st 
reactant to the removal phase of said 3rd reactant by which physical adsorption was carried out 
two or more times. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film formation approach, and relates to 
the thin film formation approach of having used atomic layer vacuum deposition (AtomicLayer 
Deposition, ALD) for the detail more. 

[0002] .... 
[Description of the Prior Art] Generally, a thin film is used for various kinds of applications, such 
as a protective layer of a conductor and an electroluminescence thin film display device with 
transparent dielectric film of a semiconductor device and liquid crystal display component. Said 
thin film is formed by a sol-gel method, the sputtering method, the electroplating method, the 
steamy method, chemistry gaseous-phase vacuum deposition, the ALD method, etc. 
[0003] Especially, the step coverage nature which was excellent compared with chemistry 
gaseous-phase vacuum deposition is obtained, and the ALD method has the advantage in which 
a low-temperature process is possible. Such an ALD .method is the approach of decomposing a 
reactant by the chemical permutation through not a pyrolysis but periodic supply of each 
reactant, and forming a thin film. Here, how to form the aluminum oxide film used as a dielectric 
film of a semiconductor device is explained to a detail using the conventional atomic layer 
vacuum deposition. 

[0004] Drawing 1 is a flow chart for explaining like the formation fault of an aluminum oxide film 
which used the conventional atomic layer vacuum deposition, and drawing 2 A thru/ or drawing 2 
D are drawings shown in order to explain the reaction mechanism at the time of formation of the 
aluminum oxide film shown in drawing 1 . ^ 
[0005] Specifically, the trimethylaluminum (aluminum (CH3)3 and "TMA" are called) which 
consists of the 1st reactant (A) (a1). i.e.. the aluminum which makes a thin film, and methyl ligand 
(a2) is first poured into the reaction chamber (not shown) to which the substrate (S) was carried 
in (step 1 ). . . 

[0006] Next, the purge of inert gas removes the 1st reactant (A) by which physical adsorption is 
carried out (step 3). Thereby, as shown in drawing 2 A. chemisorption of the 1st reactant (A) is 
carried out on a substrate (S). 

[0007] Next, the steam (H20) which becomes the reaction chamber to which chemisorption of 
the 1st reactant (A) was carried out from the 2nd reactant (B), i.e.. oxygen (b1) and a hydrogen 
radical (b2), is poured in (step 5). Thereby, as shown in drawing 2 B. chemisorption of the 2nd 
reactant (B) is carried out to the 1st reactant (A). 

[0008] Here, as the hydrogen radical (b2) of said 2nd reactant (B) by which chemisorption was 
carried out was shown in drawing 2 C. it moves to the methyl ligand (a2) of the 1 st reactant (A), 
and methyl ligand is separated from the 1st reactant (A). Then, as shown in the following 
chemical formula (1) and drawing 2 D, the volatile gaseous-phase matter (D) which reacts with 
the methyl ligand (a2) of the 1st reactant (A) from which the hydrogen radical (b2) of said 2nd 
reactant (B) which moved was separated, and consists of CH4 is formed. And on a substrate (S), 
an aluminum oxide film (C) is formed of the reaction of the aluminum (a1) of the 1st reactant (A), 
and the oxygen (b1) of the 2nd reactant (B). When a chemical formula shows this reaction, it is 
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as following the (1) type. 
[0009] 

2aluminum(CH3)3+3H2 0->aluminum203+6CH4 — (1) 

Next, the purge of inert gas removes the volatile gaseous-phase matter (D) which consists of 
said CH4, and the steam which has not reacted (step 7). 

[0010] Next, it checks whether the thickness of said formed aluminum oxide film (C) is proper 
(step 9), and if required, the phase from said step 1 to step 7 will be repeated periodically, and 
will be performed. 

[001 1] However, since methyl ligand (a2) is removed by migration of a hydrogen radical (b2), as 
shown in the following chemical formula 2. side reaction generates the conventional ALD method 
by OH radical which remains according to migration of a hydrogen radical (b2). When a chemical 
formula shows this reaction, it is as following the (2) type. 
[0012] 

aluminum(CH3)3+3H2 0->aluminum(OH)3+3CH4 — (2) 

thus — side reaction — generating — a case — aluminum — an oxide film — ( — C — ) 
inside — not being desirable — an impurity — for example, — aluminum — ( — OH — ) ~ three 
— containing — having . Thus, if impurities, such as aluminum (0H)3, are contained, a desired 
thin film property will no longer be acquired. When applying said aluminum oxide film of (OH) 
aluminum 3 to the dielectric film of a semiconductor device especially, it acts as an electronic 
trap site and an electronic current leak site, and a result to which the property of a dielectric 
film is reduced is brought. 
[0013] 

[Problem(s) to be Solved by the Invention] This invention is accomplished in view of the above- 
mentioned situation, and the purpose is offering the thin film formation approach the thin film 
which inhibited formation of the impurity which is not desirable and was excellent in the 
stoichiometry being obtained, when using atomic layer vacuum deposition. 
[0014] 

[Means for Solving the Problem] In order to attain said purpose, the thin film formation approach 
using the atomic layer vacuum deposition by this invention pours into the reaction chamber 
containing a substrate the 1st reactant containing the element and ligand which make a thin film, 
and makes it carry out chemisorption of the 1 st reactant on said substrate. Next, the 1 st 
reactant by which purged said reaction chamber with inert gas. and physical adsorption was 
carried out is removed. Then, while forming the thin film of an atomic layer unit by the chemical 
reaction of the element which pours into said reaction chamber the 2nd reactant with larger 
binding energy with the element which forms said thin film than said ligand, and forms said thin 
film, and the 2nd reactant, it is characterized by removing said ligand without generation of a side 
reaction object. 

[0015] especially — this invention — **** — the — two — a reactant — ( — B — ) — from — 
the — one — a reactant — ( — A — ) — a radical — migration — nothing — binding energy 
a difference — the — one — a reactant — ( — A — ) — ligand — dissociating — having . And 
the volatile gaseous-phase matter is formed of association between ligands, and this gaseous- 
phase matter is removed by purge. Thereby, in this invention, the stoichiometry-thin film which 
could inhibit generation of the impurity in the thin film by side reaction since there was no 
migration of a radical, consequently was excellent can be obtained. 

[0016] Moreover, the thin film formation approach using the atomic layer vacuum deposition by 
this invention removes the 1st reactant by which purged the reaction chamber with inert gas and 
physical adsorption was carried out, after carrying out chemisorption of the 1 st reactant on a 
substrate (S). Next, the 2nd reactant which does not contain a hydroxylation radical in said 
reaction chamber is poured in. and said 1st reactant by which chemisorption was carried out is 
made to permute by the metal-oxygen atomic layer. Next, the 2nd reactant by which purged said 
reaction chamber with inert gas, and physical adsorption was carried out is removed. Next, pour 
the 3rd reactant into said reaction chamber, and a part for the remainder of said 1st reactant by 
which chemisorption was carried out is made to permute by the metal-oxygen atomic layer, and 
where generation of a hydroxylation radical is inhibited, the metal oxide film of an atomic layer 



unit is formed. Moreover, after impregnation of said 3rd reactant, it pours in, the 4th reactant. for 
example, the ozone gas, for removal of an impurity, and improvement in a stoichiometry, and can 
also purge with inert gas. 

[001 7] Preferably, oxidation gas is used as said 3rd reactant, using N20, and 02. 03 or COZ as 
the 2nd reactant which does not contain said hydroxylation radical, using a metal reactant as 
said 1 st reactant. Moreover, the temperature of said reaction chamber from the impregnation 
phase of said 1 st reactant to the impregnation phase of the 3rd reactant is kept desirable at 
100-400 degrees C. Here, when said substrate is a silicon substrate, before impregnation of said 
1 st reactant. oxidization gas is poured in and termination processing of the dangling bond of the 
front face of a substrate can also be carried out. 

[0018] Moreover, the thin film formation approach using the atomic layer vacuum deposition by 
this invention removes the 1 st reactant by which purged the reaction chamber with inert gas and 
physical adsorption was carried out, after carrying out chemisorption of said 1 st reactant on a 
substrate (S). Next, the 2nd reactant is poured into said reaction chamber, and the thin film of 
an atomic layer unit is formed by the chemical replacement of the 1st reactant and the 2nd 
reactant Next, after removing the 2nd reactant by which purged said reaction chamber with inert 
gas. and physical adsorption was carried out. the 3rd reactant for removal of an impurity and 
improvement in a stoichiometry is poured into the reaction chamber in which said thin film was 
formed. 

[0019] Preferably, oxidation gas is used as the 2nd and 3rd reactants. using a metal reactant as 
said 1st reactant. Moreover, as the 2nd and 3rd reactants, nitriding gas is used preferably, using 
a metal reactant as said 1st reactant. Here, when said substrate is a silicon substrate, before 
impregnation of said 1 st reactant, oxidization gas or nitriding gas is poured in further, and 
termination processing of the dangling bond on the front face of a substrate can also be carried 
out. The temperature of said reaction chamber from the impregnation phase of said 1 st reactant 
to the impregnation phase of the 3rd reactant is kept desirable at 100-400 degrees C. 
[0020] The thin film excellent in the stoichiometry can be obtained without according to this 
invention, preventing thru/or inhibiting generation of the by-product which is not desirable as for 
a hydroxylation radical etc., and including an impurity. 

t0021] . . , . ^ ^ 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail based on the attached drawing. However, the gestalt of operation of this invention 
mentioned later can deform into various kinds of gestalten. and it is not limited to the gestalt of 
operation which the range of this invention mentions later. The gestalt of operation of this 
invention is offered in order to explain this invention to a person with the usual knowledge in this 
industry more completely. In addition, the film, area size, or thickness is exaggerated among 
drawing for the positivism of a specification. Moreover, if said a certain film can also exist 
directly on the film besides the above when a certain film is indicated to be "on'' other film or a 
substrate, the 3rd film can also be intervened between them. 

[0022] Drawing 3 is a schematic diagram for explaining the atomic layer thin film deposition 
system used for the thin film formation approach of having used the atomic layer vacuum 
deposition of this invention. 

[0023] This atomic layer thin film deposition system possesses the reaction chamber 1 1 heated 
at an external heater (not shown), the susceptor 13 prepared in the base of said reaction 
chamber 11 so that a substrate 15. for example, a silicon substrate, might be placed, the shower 
head 1 7 prepared in the upper part of said susceptor 1 3 so that reactant gas might be poured 
into the interior of said reaction chamber 1 1, and the vacuum pump 19 connected with said 
reaction chamber 1 1 in order to acUust the pressure inside said reaction chamber 11. 
[0024] Two separate insufflation tubing A and B is mutually connected with said shower head 1 7. 
And the 1st reactant, inert gas. the 2nd reactant, and the 3rd reactant are poured into this 
shower head 17. The 1st reactant is a metal reactant, inert gas is nitrogen gas and argon gas. 
the 2nd reactant is the oxidation gas which does not contain the hydroxylation radical, for 
example. N20. 02 and 03. C02 gas. or a steam, and the 3rd reactant is a steam and the 
activated oxidizing agent, and is the matter containing an oxygen radical, for example, ozone, the 



plasma 02, and plasma N20. In drawing 3 . although the 2nd reactant and the 3rd reactant were 
constituted separately for convenience, you may constitute individually. 

[0025] And the 1 st reactant and inert gas are poured into the interior of a reaction chamber 1 1 
through said insufflation tubing A, and the 2nd reactant and the 3rd reactant are poured into the 
interior of a reaction chamber 1 1 through said insufflation tubing B. Here, the gas pipe of said 1 st 
reactant and 2nd reactant, and the 3rd reactant was made separate for inhibiting the reaction 
between the reactants within a single gas pipe (A or B). 

[0026] As for said 1 st reactant and said inert gas, impregnation inside a reaction chamber 1 1 is 
respectively controlled by the 1st valve VI and the 2nd valve V2, and, as for said 2nd reactant 
and 3rd reactant, impregnation inside said reaction chamber 1 1 is respectively controlled by the 
3rd valve V3 and the 4th valve V4. 

[0027] Hereafter, the gestalt of various kinds of operations of the thin film formation approach 

using the atomic layer thin film deposition system of drawing 3 is explained. 

[0028] Gestalt drawing 4 [ of the 1st operation ] A thru/or drawing 4 D are the drawings for 

explaining the reaction mechanism of the thin film formation approach using the atomic layer 

vacuum deposition by the gestalt of the 1 st operation which applied this invention. 

[0029] First, after pouring the 1st reactant (A) which consists of an element (a1) which forms a 

thin film, and ligand (a2) into the reaction chamber 1 1 to which the substrate (15 of drawing 3 ), 

for example, a silicon substrate, was carried in and making it carry out chemisorption of the 1 st 

reactant (A) on a substrate 1 5. the purge of inert gas removes the 1 st reactant (A) by which 

physical adsorption is carried out (refer to drawing 4 A). 

[0030] Next, the 2nd reactant (B) is poured into the reaction chamber 1 1 adsorbed in the 1 st 
reactant (A). Thereby, chemisorption of the 2nd reactant (B) is carried out to the 1st reactant 
(A). Here, as said 2nd reactant (B), the imperfect matter with large reactivity with the 1st 
reactant (A) is used. And the matter with larger binding energy with the element (a1) which 
forms the thin film of said 2nd reactant (B) and 1st reactant (A) as the 2nd reactant (B) than the 
binding energy of the element (a1) and ligand (a2) which make the thin film of said 1st reactant 
(A) is used (refer to drawing 4 B). 

[0031] If drawing 4 C is referred to. since binding energy with the element (a1) which forms the 
thin film of said 2nd reactant (B) and 1st reactant (A) is larger than the binding energy of the 
element (a1) and ligand (a2) which make the thin film of said 1st reactant (A), It is going to 
combine the 2nd reactant (B) with the element (a1) which forms the thin film of the 1st reactant 
(A), and ligand (a2) is separated from the 1 st reactant (A). 

[0032] Next, since the ligand (a2) separated from said 1st reactant (A) is in an unstable 
condition, it forms the volatile gaseous-phase matter (D) by association between ligands (a2). 
And on a substrate 15, the thin film (C) of an atomic layer unit is formed of the reaction of the 
element (a1) and the 2nd reactant (B) which make the thin film of the 1st reactant (A). Said 
volatile gaseous-phase matter (D) is removed by the purge of inert gas (refer to drawi ng 4 D). 
[0033] Next, the thin film formation approach using the difference in the binding energy shown in 
drawing 4 A thru/or drawing 4 D is explained taking the case of the case where it applies like the 
formation fault of an aluminum oxide film. 

[0034] Drawing 5 is a flow chart for explaining like the formation fault of the aluminum oxide film 
by the gestalt of said 1st operation, and drawing 6 A thru/or drawing 6 D are the drawings for 
explaining the reaction mechanism when forming an aluminum oxide film using the atomic layer 
vacuum deposition of drawing 5 . 

[0035] First, the trimethylaluminum (aluminum (CH3)3. TMA: "A") which becomes the reaction 
chamber 1 1 to which the substrate (15 of drawing 3 ). for example, a silicon substrate, was 
carried in from the aluminum (a1) which makes a thin film as the 1st reactant. and methyl ligand 
(a2) is poured in (step 101). Next, primary TMA by which physical adsorption is carried out is 
purged, and inert gas removes it (step 103). Thereby, as shown in drawing 6 A. chemisorption of 
the TMA is carried out on a substrate 1 5. 

[0036] Next, the ozone (B) which is the oxidizer activated as the 2nd reactant is poured into the 
reaction chamber 1 1 adsorbed in TMA (step 1 05). Thereby, as shown in drawing 6 B, 
chemisorption of the ozone (B) is carried out to the aluminum (a1) of TMA. 
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[0037] Here, said ozone (B) is the matter with it. [ large and reactivity with TMA, and ] 
[ imperfect ] And said ozone (B) is the larger matter than 255 kJ/mol which binding energy with 
the aluminum (al) of TMA is about 540 kJ/mol, and is the binding energy (for example. 
aluminum-C binding energy) of said aluminum (al) of TMA and methyl ligand (a2). Since the 
binding energy of said ozone (B) and the aluminum (al) which is the element which forms the 
thin film of TMA is larger than the binding energy of the aluminum (al) and methyl ligand (a2) 
which are the element which forms said thin film of TMA, as shown in drawing 6 C, methyl ligand 
(a2) is separated from TMA. 

[0038] Moreover, since the methyl ligand (a2) separated from said TMA is in an unstable 
condition, as shown in drawing 6 D. it forms the volatile gaseous-phase matter (D) which 
consists of C2H6 by association between methyl ligands (a2). And on a substrate 1 5. of the 
reaction of the aluminum (a1) and ozone (B) which make the thin film of TMA, as shown in the 
following chemical formula (3). the aluminum oxide film (C) of an atomic layer unit is formed. 
[0039] 

2aluminum(CH3)3+03 ->aluminum203+3C2H6 — (3) 

Next, the 2nd order of said reaction chamber is purged with inert gas. and the aforementioned 
volatile gaseous-phase matter (D) and the methyl ligand (a2) which has not reacted are removed 
(step 107). Then, it checks whether the thickness of said formed aluminum oxide film is proper 
(step 109). and if required, the phase from said step 101 to step 107 will be repeated periodically, 
and will be performed. 

[0040] With the gestalt of this operation, although ozone was used as the 2nd reactant. ozone 
can also be further activated using ultraviolet rays. Moreover, as said activated oxidizer, it can 
replace with ozone, and as shown in the following chemical formula (4). the plasma 02 and 
plasma N20 can also be used. 

TMA+02 (activated) =>4aluminum 3+302 (CHS) ->aluminum203+6C2H6 ~ (4) 
Drawing 7 and drawing 8 are graphs which show the RGA (Residual gas analysis) data when 
forming an aluminum oxide film according to the gestalt of operation of the 1st of a Prior art and 
this invention respectively. In drawing 7 and drawing 8 . the section displayed by the arrow head 
is the section in which an aluminum oxide film is formed. 

[0041] Since the gestalten of the ligand removed according to the reaction mechanism of the 
2nd reactant (B) and the 1st reactant (A) differ as mentioned above, the matter generated in 
process also differs. That is, conventionally, like drawing 7 . when using a steam (H20) as TMA 
and the 2nd reactant (B) as the 1st reactant (A). CH3+ and CH4+ which were generated in 
response to the hydrogen radical from the steam are detected as main by-products. On the 
other hand, it turns out that CH3 ligand is removed like drawing 8 when [ which is depended on 
this invention ] using ozone as TMA and the 2nd reactant (B) as the 1 st reactant (A), and C2H5+ 
and C2H6+ are detected as a by-product according to the gestalt of the 1st operation. 
[0042] Drawin g 9 is a graph which shows the thickness of the aluminum oxide film by the number 
of cycles in the case of forming an aluminum oxide film according to the gestalt of operation of 
the 1st of a Prior art and this invention. 

[0043] Since atomic layer vacuum deposition is a surface accommodation process, the thickness 
of the thin film vapor-deposited by the number of supply cycles of each reactant is determined. 
That is, if thickness increases in linearity according to a cycle, it means that a thin film is formed 
by atomic layer vacuum deposition. Since thickness increases in [ the former and this invention ] 
linearity as shown in drawing 9 , it turns out that a thin film is formed using atomic layer vacuum 
deposition. 

[0044] However, the difference in an incubation cycle is seen between the conventional 
technique (it displays in -) using a steam as the 2nd reactant (B). and this invention (it displays 
in O) using ozone. That is. to vacuum evaporationo being made from an initial cycle, with the 
conventional technique, after the latent period of 12 cycles passes, a thin film is yapor- 
deposited without an incubation cycle by this invention. Since an initial interface is formed of a 
heterogeneous reaction, as for this, it means that an aluminum oxide film is formed more stably 
[ the case of this invention ]. 

[0045] Drawing 1 0 is a graph which shows the stress hysteresis by the temperature of the 



aluminum oxide film formed of the gestalt of operation of the 1st of the former and this 
invention. 

[0046] The stress hysteresis (it displays in **) of the conventional aluminum oxide film formed 
as the 1st reactant (A), using a steam as TiViA and the 2nd reactant (B) changes the gestalt of 
stress to compression stress from stress at 450 degrees C. On the other hand, since the 
stress hysteresis (it displays in -) of the aluminum oxide film of this invention formed as the 1st 
reactant A, using ozone as TMA and the 2nd reactant (B) covers the total-temperature range 
and does not change stress mode to **** stress, it is understood that the film itself is more 
stable to heat. 

[0047] Drawing 1 1 is a graph which shows thickness contraction by the post-annealing 
conditions of the aluminum oxide film formed of the gestalt of the 1st operation of a Prior art 
and this invention. 

[0048] In the X-axis of drawing 1 1 . N450, N750, and N830 are the samples which performed 
post-annealing respectively under nitrogen-gas-atmosphere mind (450 degrees C, 750 degrees 
C. and 830 degrees C), O450, O750. and O830 are the samples which performed post-annealing 
respectively under the oxygen ambient atmosphere (450 degrees C. 750 degrees C. and 830 
degrees C), and RTO is the sample which carried out rapid thermal oxidation at 850 degrees C. It 
turns out that the aluminum oxide film formed of the gestalt of the 1 st operation of a Prior art 
and this invention does not change thickness contraction (thickness percentage reduction) a lot 
according to the temperature and the gas conditions of post-annealing. 

[0049] Drawing 1 2 and drawing 13 are graphs which show respectively the absorption constant 
and refractive index by wavelength of the aluminum oxide film formed of the gestalt of the 1 st 
operation of a Prior art and this invention. 

[0050] The aluminum oxide film formed of the gestalt of the 1 st operation of a Prior art and this 
invention expresses with a 180-900nm large wavelength range the outstanding transparency in 
which an absorption constant has 0.005 or less value, as shown in drawing 1 2 . And as the 
refractive index of the aluminum oxide film formed of the gestalt of the 1st operation of a Prior 
art and this invention was shown in drawing 13 , it turns out that it does not change a lot by the 
180-900nm large wavelength range. 

[0051] Drawing 1 4 is a graph which shows respectively the post-annealing temperature of the 
aluminum oxide film formed of the gestalt of the 1 st operation of a Prior art and this invention, 
and the wet etch rate by the controlled atmosphere. 

[0052] In the X-axis of drawing 14 , after vapor-depositing "as-dep" on a substrate, it is a 
sample which has not carried out annealing, and N450, N750, and N830 are the samples which 
performed post-annealing respectively under nitrogen-gas-atmosphere mind (450 degrees C, 750 
degrees C. and 830 degrees C). Moreover. O450, O750, and 0830 are the samples which 
performed post-annealing respectively under the oxygen ambient atmosphere (450 degrees O, 
750 degrees 0, and 830 degrees 0), and RTP is the sample which carried out rapid thermal 
oxidation under the 850-degree C oxygen ambient atmosphere. And a Y-axis expresses an etch 
rate when HF solution of 200:1 performs wet etching to each sample. 

[0053] A wet etch rate falls as were shown in drawing 14 , and annealing temperature increases 
regardless of annealing conditions as for the aluminum oxide film formed of the gestalt of the 1st 
operation of a Prior art and this invention. If post-annealing is especially performed above 800 
degrees 0, an etch rate will decrease rapidly to 2-3A / min. IVioreover, if post-annealing is 
performed below 800 degrees 0, it turns out that the etch rate of the aluminum oxide film by the 
gestalt of operation of the 1 st of this invention becomes small about 30% compared with the 
former. This shows that it is more chemically [ than the case where the case where ozone is 
used as oxidation gas uses H20 as oxidation gas ] stable. 

[0054] The case where the aluminum oxide film formed of the gestalt of operation of the 1 st of 
this invention is hereafter adopted as a semiconductor device is explained. 
[0055] Drawing 15 is the sectional view showing the capacitor structure of a semiconductor 
device where the dielectric film formed of the gestalt of operation of the 1 st of this invention 
was adopted. 

[0056] The capacitor of a semiconductor device with which the dielectric film formed of the 



gestalt of operation of the 1 st of this invention was adopted contains the lower electrode 205, 
the dielectric film 207. and the up electrode 209 which were formed on the substrate 201, for 
example, a silicon substrate. Among drawing 15 . a reference number 203 is an interlayer 
insulation film, and a reference number 21 1 is capping film formed on the up electrode of a 
capacitor. 

[0057] The capacitor constituted from an aluminum oxide film which constituted both said up 
electrode 209 and the lower electrode 205 from polish recon film by which the impurity was 
doped hereafter, and was formed of the gestalt of the 1 st operation of a dielectric film 207 of 
this invention is called a "SIS capacitor." And said lower electrode 205 is constituted from polish 
recon film by which the impurity was doped, it constitutes from an aluminum oxide film formed of 
the gestalt of the 1st operation of a dielectric film 207 of this invention, and the up electrode 
209 calls an "MIS capacitor" the case where it constitutes from TiN film. Moreover, the 
capacitor which constituted both said up electrode 209 and the lower electrode 205 from 
platinum group noble-metals film, for example, Pt, Ru. etc.. and constituted the dielectric film 207 
from an insulator layer, for example, the tantalic acid-ized film, and BST (BaSrTi03) film is called 
an "MIM capacitor." 

[0058] Drawing 1 6 is the sectional view showing the transistor structure of a semiconductor 
device where the dielectric film formed of the gestalt of operation of the 1st of this invention 
was adopted. 

[0059] The semiconductor device as which the dielectric film by the gestalt of operation of the 
1st of this invention was adopted possesses the gate electrode 307 as gate dielectric film 305 
and the 2nd electrode as the silicon substrate 301 by which impurities, such as Lynn, arsenic, 
boron, and a fluorine, were doped as the 1 st electrode, and a dielectric film. Among drawing 1 6 , 
a reference number 303 is an impurity doping field, and expresses the source or a drain field. 
[0060] Here, when comparing the transistor structure of the semiconductor device of this 
invention with capacitor structure, a silicon substrate 301 corresponds to a lower electrode, and 
the gate electrode 307 is equivalent to an up electrode. Moreover, said gate dielectric film 305 
corresponds to the dielectric film of a capacitor. 

[0061] Next, although the insulating property of a dielectric film is explained with reference to 
the expedient upper capacitor structure of explanation, it is identically applicable also with 
transistor structure. 

[0062] Drawing 1 7 is a graph shown in order to explain the leakage current property by the 
applied voltage of the SIS capacitor with which the dielectric film formed of the conventional 
capacitor and the gestalt of operation of the 1 st of this invention was adopted. 
[0063] The SIS capacitor (it displays in O) of this invention was identically constituted, if it 
removed having made the formation approaches of a dielectric film differ as compared with the 
conventional capacitor (it displays in -). As shown in drawing 17 , as for the capacitor of the 
former [ capacitor / of this invention / SIS ], in 1E-7 A/cm2 which is a leakage current 
consistency permissible [ with the capacitor of a general semiconductor device ], only about 
0.4V shows that applied voltage can be enlarged. Therefore, the SIS capacitor of this invention 
can make thickness of a dielectric film lower in a fixed leakage current value, and is 
advantageous to integration of a semiconductor device. In addition, a leakage current 
consistency "1E-7" etc. shows "1x10-7" etc. This is the same in this specification and a 
drawing. 

[0064] Drawing 1 8 is the graph of the takeoff electrical potential difference which shows the 
insulating property from which the leak current density by the equivalence oxide film of the SIS 
capacitor with which the dielectric film formed of the gestalt of the 1st operation of this 
invention was adopted becomes two or more 1 E-7 A/cm. In addition, a takeoff electrical 
potential difference is an electrical potential difference which shows a property which changes a 
low section inclination rapidly like said drawing 17 . 

[0065] As shown in drawing 1 8 , in order that the thickness of an equivalence oxide film may 
show an insulating property with stable 35A, as for the SIS capacitor by this invention, a takeoff 
electrical potential difference seldom decreases. And if the thickness of an equivalence oxide 
film becomes 35A or less, a takeoff electrical potential difference will decrease rapidly and an 



insulating property will become weak. 

[0066] Drawing 1 9 is a graph which shows the leakage current property by the applied voltage of 
the MIS capacitor with which the dielectric film formed of the gestalt of operation of the 1st of 
this invention was adopted. 

[0067] A leakage current consistency is 1 E-7 A/cm2, and, in the case of the MIS capacitor of 
this invention, thickness of an equivalence oxide film can be made into 26,5A with the general 
reference value whose electrical potential difference is 1.2V. Thus, when making thickness of an 
equivalence oxide film low, it is very advantageous to integration of a semiconductor device. 
[0068] Drawing 20 is the graph which compared the leakage current property of the MIS 
capacitor with which the dielectric film formed of the gestalt of operation of the 1 st of this 
invention was adopted, and the conventional capacitor. 

[0069] As compared with the MIS capacitor of this invention, if the conventional capacitor 
removes a dielectric film, it is the same. As shown in drawing 20 , the MIS capacitor which 
adopted the aluminum oxide film formed of the gestalt of operation of the 1st of this invention 
has the largest applied voltage, when comparing with the conventional capacitor which used the 
tantalic acidHzed film (TaO) and a nitride~oxide film (NO) as a dielectric film with the leakage 
current value of IfA per cel. If it puts in another way, when comparing with the conventional 
capacitor, as for the MIS capacitor of this invention, a thin equivalence oxide film can also have 
the highest leakage current property. In drawing 20 . the figure in a parenthesis expresses the 
thickness of a dielectric film. 

[0070] Drawing 21 and drawing 22 are graphs which show the leakage current property by the 
applied voltage in the case of adopting a Prior art and the aluminum oxide film by the gestalt of 
operation of the 1st of this invention as capping film of an MIM capacitor respectively. 
[0071] In drawing 21 and drawing 22 . a "black rectangular head" expresses the MIM capacitor 
when having not adopted the capping film. In drawing 21 , "-" is the case where an aluminum 
oxide film is formed as capping film by the Prior art, and "the bottom trigonum of black" 
expresses the case where hydrogen annealing is performed at 400 degrees C, after forming an 
aluminum oxide film as capping film. In drawing 22 . is the case where an aluminum oxide film 
is formed as capping film according to the gestalt of operation of the 1 st of this invention, the 
"Kuroue trigonum" is the case where hydrogen annealing is performed at 400 degrees C. after 
forming an aluminum oxide film as capping film, and "the bottom trigonum of black" is the case 
where nitrogen annealing is performed at 700 degrees C, after forming an aluminum oxide film as 
capping film. 

[0072] Generally, when adopting an MIM capacitor in a semiconductor device, there is a problem 
on which a dielectric film deteriorates at the time of hydrogen annealing used at the alloy 
process which follows. For this reason, on an MIM capacitor, the capping film which carries out 
the duty of a hydrogen barrier is formed. However, if the aluminum oxide film formed of the 
gestalt of operation of the 1st of this invention is adopted as capping film as shown in drawin g 
21 , since it excels in the barrier property extremely not only by when it comes in view of the 
criteria of leakage current consistency 1 E-7 A/cm2 and an aluminum oxide film is formed as 
capping film but by hydrogen annealing which follows, a leakage current property is not degraded. 
However, if the aluminum oxide film formed of the Prior art is adopted as capping film as shown 
in drawing 22 , the hydrogen and OH ligand of a steam will degrade the leakage current property 
of an MIM capacitor during vacuum evaporationo. 

[0073] Gestalt drawing 23 of the 2nd operation is a flow chart shown in order to explain the 
gestalt of the operation of the 2nd of the thin film formation approach which used the atomic 
layer vacuum deposition of this invention. 

[0074] Termination processing which oxygen Flushing of a substrate 1 5 (refer to drawing 3 ). for 
example, the silicon substrate, is carried out [ processing ] by oxidization gas, and combines the 
dangling bond of a substrate 15 with oxygen is performed (step 21). Besides said oxygen 
Flushing, a dangling bond can be combined with oxygen also by approaches, such as ozone 
washing and formation of silicon oxide. Moreover, oxygen Flushing of said substrate 15 may not 
be performed if needed. 

[0075] Next, after making a substrate 1 5 carry in to a reaction chamber 1 1 (to refer to drawing 



3 ). 100-400 degrees C of reaction chambers 1 1 are kept desirable to the process temperature 
of 1300-350 degrees C. and the process pressure of 1 - lO.OOOmTorr using a heater (not shown) 
and a pump 19 (step 23). Although said process temperature and a process pressure continue 
being maintained also in the process which follows, it may change. If the need is accepted. 
[0076] the time amount which is made to open the 1st valve VI to a reaction chamber 11. and is 
fully reversed [ reactant /II/ (alumlnum(CH3)3:TMA) /. for example, trimethylaluminum, / 1st J 
in the front face of said substrate through a gas line A and the shower head 1 7 where said 
process temperature and a process pressure are maintained, 1 [ for example. ], it pours in for 
[ m seconds - ] 10 seconds (step 25). [ next, ] Thereby, chemisorption of the 1st reactant is 
carried out on the silicon substrate by which oxygen Flushing was carried out. 
[0077] Next, where said process temperature and a process pressure are maintained, the 2nd 
valve V2 is made to open alternatively to a reaction chamber 1 1 , and the primary inert gas, for 
example, argon gas, is purged for 0.1 - 100 seconds (step 27). Thereby, the 1st reactant by 
which physical adsorption was carried out on the substrate 15 is removed. 
[0078] Next, where said process temperature and a process pressure are maintained, the 3rd 
valve V3 is made to open to a reaction chamber 11. and the oxidation gas which does not 
contain the 2nd reactant. for example, a hydroxylation radical, through the shower head 17 is 
poured in (step 29). As said 2nd reactant. N20. 02 and 03. or 002 gas can be used. Thereby, 
said 1st reactant and 2nd reactant by which chemisorption was carried out react mutually, and 
said 1st reactant is permuted by the metal-oxygen atomic layer. Although said 2nd reactant has 
small reactivity with the 1 st reactant. though a hydroxylation radical is not generated in a metal 
oxide film so that it may mention later, a metal-oxygen atomic layer can be formed. 
[0079] Next, where said process temperature and a process pressure are maintained, the 
secondary reaction chamber 1 1 is purged for 0.1 - 100 seconds with inert gas. and an 
unnecessary reactant is removed (step 31). 

[0080] the time amount which is made to open the 4th valve V3 and is fully reversed [ oxides /. 
such as the 3rd reactant (H20), for example, a steam etc.. ] in the front face of said substrate 
through the shower head 17, 1 [ for example. ]. — it pours in for [ m seconds - ] 10 seconds 
(step 33). [ next. ] The 1st reactant and the 3rd reactant which remained without said 3rd 
reactant reacting among the 1st adsorbed reactant by this since reactivity with the 1st reactant 
is good compared with said 2nd reactant react mutually, and are permuted by the metal-oxygen 
atomic layer. Since the 2nd reactant and the 1 st reactant which do not contain said 
hydroxylation radical were made to react beforehand at this time and the absolute magnitude of 
said 1st reactant was decreased, the metal oxide film of an atomic layer unit with which 
generating of a hydroxylation radical was inhibited is formed. 

[0081] In the gestalt of this operation, although taken to the aluminum oxide film (aluminum 203) 
as said metal oxide film at the example Ti02. Zr02. Hf02. Ta 205, Nb205, Ce02. Y203. Si02 
and In 203. Ru02. Ir02. SrTi03. PbTI03. SrRu03. CaRu03 and TiO (Ba. Sr)3. Pb(Zr. Ti) 03, (Pb, 
La) You may be In203 (ITO) by which 03, RuO (Sr. calcium)3. RuO (Ba. Sr)3. and Sn were doped, 
or 2013 by which Zr was doped film (Zr, Ti). 

[0082] Next, one cycle which purges the 3rd reaction chamber 11 for 0.1 - 100 seconds with 
inert gas. and removes an unnecessary reactant. consequently forms the metal oxide film of an 
atomic layer unit where said process temperature and a process pressure are maintained is 
finished (step 35). If required, after said purge, the phase which pours in and purges the 2nd 
reactant which does not contain the hydroxylation radical can be performed further, and the 
reaction of the 3rd reactant and the 1 st reactant can also be inhibited to the maximum extent. 
[0083] Next, it checks whether it is the propriety of the thickness of the metal oxide film formed 
on the substrate, for example, about 10A - 1000A. (step 37). Here, if it is proper thickness, the 
formation phase of a metal oxide film will be finished, otherwise, from the impregnation phase 
(step 25) of said 1st reactant to a purge phase (step 35) will be performed repeatedly 
periodically. , . 

[00841 Drawing 24 thru/or drawing 27 are drawings shown in order to explain the joint relation of 
the reactant by which it adsorbs on a substrate, when forming an aluminum oxide film by the thin 
film formation approach of having used the atomic layer vacuum deposition of the gestalt of 



operation of the 2nd of this invention, 

[0085] First, oxygen Flushing of a substrate 15, for example, the silicon substrate, is carried out. 
and the dangling bond of a substrate 15 Is made to combine with oxygen, as shown in drawing 
24 . If required, it is not necessary to perform oxygen Flushing of said substrate 15. 
[0086] Next, after pouring the trimethylaluminum (aluminumS (CH3)) which is the 1st reactant 
into the reaction chamber 1 1 at which said process temperature of 100-400 degrees C and the 
process pressure of 1 - lO.OOOmTorr are maintained, it purges by argon gas. Thereby, as shown 
in drawing 25 . the 1 st reactant adsorbs on the substrate 1 5 by which oxygen Flushing was 
carried out. That is. on a silicon substrate, various kinds of gestalten. such as Si-0. Si-0-CH3. 
or Si-0-aluminum-CH3, exist. 

[0087] Next, the 2nd reactant which does not contain the hydroxylation radical in said reaction 
chamber 11, for example. N20, and 02, OS or 002 are poured in. For example, the reaction 
formula in the case of using N20 as the 2nd reactant is as the following chemical formula (5). 
[0088] 

2aluminum(CH3) 3+3N20 ->aluminum203+aluminum(CH3) 3+302H6+3N2** ~ (5) 
If N20 which does not contain the hydroxylation radical In trimethylaluminum is poured in as 
shown in said chemical formula 5, while trimethylaluminum is exhausted, aluminum 203 will be 
formed. If it puts in another way. as the 1 st reactant and the 2nd reactant which were adsorbed 
reacted mutually and the 1st reactant was shown in drawing 26 . it will permute by the metal- 
oxygen atomic layer. That is. on a silicon substrate, many gestalten of Si-O-aluminum-O are 
formed. 

[0089] Next, after pouring the 3rd reactant (H20), for example, a steam, into a reaction chamber, 
it purges by argon gas. Thereby, as shown In drawing 27 , the 1 st reactant which reacted with 
said 2nd reactant among said 1 st adsorbed reactant. and remained reacts with the 3rd reactant. 
and is permuted by the metal-oxygen atomic layer. Since the 2nd reactant and the 1 st reactant 
which do not contain said hydroxylation radical were made to react beforehand at this time and 
the absolute magnitude of said 1 st reactant was decreased, the metal oxide film of an atomic 
layer unit with which generating of a hydroxylation radical was inhibited is formed. 
[0090] Here, it explains to a detail more how the aluminum oxide film of an atomic layer unit with 
little absolute magnitude of a hydroxylation radical is formed. 

[0091] first — this invention — a person — the former — ALD — a method — aluminum an 
oxide film — forming — a case — said — a chemical formula — two — being shown having 
had — a reaction — aluminum — an oxide film — not being desirable — a by-product It is 
aluminum — ( — OH — ) — three — containing — having . In order to check aluminum (OH)3 
which is such a by-product, this invention person performed XPS (X-ray Photoelectron 
Spectroscopy) analysis of the aluminum oxide film formed by the conventional ALD method. 
[0092] Drawing 28 is the XPS graph of the aluminum oxide film formed by the conventional 
atomic layer vacuum deposition. The X-axis expresses binding energy among drawing 28 , and a 
Y-axis expresses the count of an arbitration unit. 

[0093] When the graph of right-hand side and left-hand side Is seen In piles focusing on 535. 1eV. 
it turns out that the peak of the aluminum oxide film formed by the conventional ALD method 
appears somewhat widely, without a graph lapping. If it puts in another way, since the aluminum 
oxide film formed by the conventional ALD method contains aluminum (OH)3. a double-width 
graph (b) will appear from the graph (a) with which the pure aluminum oxide film is formed 
[0094] If trimethylaluminum and a steam are made to react immediately like before when taking 
into consideration what is been above, aluminum (0H)3 which contains the hydroxylation radical 
by the reaction shown in said chemical formula 2 will be made In large numbers, for this reason, 
in order to reduce the amount of aluminum (0H)3, the absolute magnitude of a steam and the 
trimethylaluminum which reacts is reduced, and if there is nothing, it will not become. By this 
invention, in order to make it react with a steam again after making trimethylaluminum react 
beforehand with N20 which does not contain the hydroxylation radical and reducing the absolute 
magnitude of trimethylaluminum, the aluminum oxide film of an atomic layer unit is formed in the 
condition with little absolute magnitude of a hydroxylation radical. 

[0095] Drawing 29 and drawing 30 are graphs which show respectively the leakage current 



property of the aluminum oxide film manufactured according to the gestalt of the 2nd operation 
of a Prior art and this invention. 

[0096] With the application of the leakage current property of an aluminum oxide film, it 
investigated to the capacitor. Here, the polish recon film was used as an up electrode, using the 
polish recon film as a lower electrode of a capacitor. In drawing 29 and drawing 30 , while the 1st 
curve (a and c) connects a lower electrode with a ground and an up electrode impresses the 
electrical potential difference to 0-5V. the amount of a current is measured per [ which flows 
through a dielectric film ] cel. and the 2nd curve (b and d) is the result of measuring on the same 
conditions again after the first measurement. Since there is little leakage current at the same 
electrical potential difference. 2V [ for example. ], as compared with drawing 29 of the former 
[ case / where the aluminum oxide film formed of this invention is adopted as a dielectric film ] 
and the distance between the 1 st and the 2nd curve is also short as shown in drawing 30 , it 
turns out that a leakage current property improves. 

[0097] It is the flow chart shown in order that gestalt drawing 31 of the 3rd operation may 
explain the thin film formation approach using the atomic layer vacuum deposition by the gestalt 
of operation of the 3rd of this invention, and drawing 32 is the timing diagram which showed 
supply of a reactant at the time of the thin film formation using the atomic layer vacuum 
deposition by the gestalt of the 3rd operation of this invention. Drawing 31 and drawing 32 
explain taking the case of the process which forms an aluminum oxide film. 
[0098] first, a substrate 1 5. for example, a silicon substrate, — oxidization or nitriding gas 
using — nitrogen — or oxygen Flushing is carried out and termination processing of the dangling 
bond of a substrate 15 is carried out with oxygen or nitrogen (step 41). Said oxygen or nitrogen 
Flushing may be performed using the atomic layer thin film deposition system shown in drawing_3 
as it is, and may be performed using other equipments. And even if it leads approaches other 
than said oxygen or nitrogen Flushing, such as formation of ozone washing, silicon oxide, and a 
silicon nitride, a dangling bond may be made to combine with oxygen or nitrogen. Moreover, if 
required, it is not necessary to perform the oxygen of said substrate 15. or nitrogen Flushing. 
[0099] Next, after making a substrate 15 carry in to a reaction chamber 11. 100-400 degrees C 
of reaction chambers 1 1 are kept desirable on the temperature of 300-350 degrees C. and the 
process conditions of the pressure of 1 - 10,000mTorr using a heater (not shown) and a pump 
19 (step 43). Although it is maintained also in the step which follows and continues, said process 
conditions may be changed as long as it is required. 

[0100] the time amount which is made to open the 1st valve VI to a reaction chamber 11. and 
can fully cover the front face of said substrate through a gas line A and the shower head 1 7 for 
the 1st reactant 11. for example, the metal reactant of trimethylaluminum (aluminum(CH3) 
3:TMA), where said process conditions are maintained, 1 [ for example, ], — it pours in for [ m 
seconds - ] 10 seconds (step 45). [ next. ] Thereby, chemisorption of the 1st reactant is carried 
out on oxygen or the substrate by which nitrogen Flushing was carried out. 
[0101] Next, where said process conditions are maintained, the 2nd valve V2 is made to open 
alternatively to a reaction chamber 1 1 . and the primary inert gas, for example, argon gas. is 
purged for 0.1 - 100 seconds (step 47). Thereby, the 1st reactant by which physical adsorption 
was carried out on the substrate 1 5 is removed. 

[0102] Next, the oxidation gas which was made to open the 3rd valve V3 to a reaction chamber 
11. and was excellent through the shower head 17 at oxidizing power, such as the 2nd reactant 
(H20), for example, a steam etc., where said process conditions are maintained is poured in (step 
49). 

[0103] Thereby, said 1st reactant and 2nd reactant by which chemisorption was carried out 
react, and it is formed of chemical replacement, the thin film, i.e., the aluminum oxide film, of an 
atomic layer unit. That is, H of CH3 and H20 of TMA reacts, and is removed as CH4. aluminum 
of TMA and O of H20 react, and aluminum 203 is formed. However, since process temperature 
is performed at low temperature 400 degrees C or less on the occasion of said atomic layer thin 
film formation, TMA is not decomposed completely, consequently many impurities, such as 
carbon and OH bond, are formed in an aluminum oxide film. 

[0104] Next, where said process conditions are maintained, the 2nd reactant by which physical 



adsorption is carried out [ inert gas A for example argon gas, ] by purging the 2nd order for 0.1 - 
100 seconds in the reaction chamber 11, without [ said ] reacting is removed (step 51). 
[0105] the time amount fully reversed in the front face of the substrate with which said thin film 
was formed in said reaction chamber through the 4th valve V4 and the shower head 17 in 
oxidation gas, such as the 3rd reactant for removal of said impurity, and improvement in a 
stoichiometry, for example, ozone etc., 1 [ for example. ], — it pours in for [ m seconds - ] 10 
seconds (step 53). [ next, ] While impurities, such as this carbon contained in the thin film of said 
atomic layer unit if it depends, and OH bond, are removable, the stoichiometry-thin film which 
could solve the problem of the oxygen chip of an aluminum oxide film, consequently was 
excellent can be obtained. 

[0106] Next, the 3rd reactant by which physical adsorption is carried out. without purging the 3rd 
reaction chamber 11 for 0.1 - 100 seconds with inert gas, and reacting where said process 
conditions are maintained is removed, and one cycle which forms the thin film of an atomic layer 
unit is finished (step 55). 

[0107] Next, it checks whether it is the propriety of the thickness of the thin film of the atomic 
layer unit formed on the substrate, for example, about 10A - 1000A. (step 57). If it is proper 
thickness, the formation phase of a thin film will be finished, otherwise, from the impregnation 
phase (step 45) of said 1 st reactant to the 3rd purge phase (step 55) of inert gas will be 
performed repeatedly periodically. 

[0108] The trimethylaluminum which is a metal reactant respectively about said 1st reactant, the 
2nd reactant. and the 3rd reactant in the gestalt of this operation (aluminum(CH3)3:TMA), 
Although the aluminum oxide film which is a metal oxide film was formed using the ozone gas for 
removal of the steam which is oxidation gas, and an impurity, and improvement in a stoichiometry 
If the nitrogen gas for removal of TiCI4 which is a metal reactant respectively about the 1 st 
reactant. the 2nd reactant and the 3rd reactant, NHS which is nitriding gas. and an impurity, and 
improvement in a stoichiometry is used, the titanium nitride which is a metal nitride can be 
formed. 

[0109] Furthermore, according to the thin film formation approach using the atomic layer vacuum 
deposition of this invention, the monatomic oxide, the multiple oxide, monatomic nitride, or 
compound nitride other than said aluminum oxide film and a titanium nitride can also be formed. 
As an example of said monatomic oxide. Ti02. Ta 205. Zr02 and Hf02. Nb205. Ce02. Y203. 
Si02, In203. Ru02. or Ir02 grade can be mentioned. As an example of a multiple oxide 
SrTi03, PbTi03. SrRu03. CaRuOS. and TiO (Ba, Sr)3, Pb(Zr, Ti) OS, In20S by which O (Zr (Pb. 
La), Ti)3, RuO (Sr, calcium)3. and Sn were doped. In 203 by which Fe was doped Or In 203 by 
which Zr was doped can be mentioned. Moreover, SiN, NbN, ZrN, TaN. Ya3N5. and AIN. GaN. VVN 
or BN can be mentioned as an example of said monatomic nitride, and WBN, WSiN, TiSiN, TaSiN. 
AISiN. or AITiN can be mentioned as an example of said compound nitride. 

[01 10] Moreover, the thin film formed by the thin film formation approach using the atomic layer 
vacuum deposition of this invention mentioned above is applicable to a semiconductor device. As 
the example, gate oxide, the electrode of a capacitor, the etching prevention film, the capping 
film for reaction prevention, the antireflection film at the time of a photograph process, a barrier 
metal membrane, the film for selection vacuum evaporationo, a metal gate electrode, etc. can be 
mentioned. 

[01 1 1] Drawing 33 is a graph which shows thickness per cycle of the aluminum oxide film formed 
by the atomic layer thin film formation approach of the gestalt operation of the Srd of this 
invention. 

[01 12] In drawing, the X-axis expresses the number of cycles. Here, one cycle includes 
impregnation of the 1 st reactant, the purge of the 1 st reactant by which physical adsorption was 
carried out, impregnation of the 2nd reactant, the purge of the 2nd reactant by which physical 
adsorption was carried out, impregnation of the Srd reactant. and the purge phase of the Srd 
reactant by which physical adsorption was carried out. Moreover, a Y-axis expresses the 
thickness of an aluminum oxide film. Since according to the thin-film-fabrication approach of this 
invention an aluminum oxide film grows by the thickness of 1.1 A per cycle and thickness 
increases in linearity in proportion to the number of cycles as shown in drawing SS , it turns out 



that an aluminum oxide film is easily formed by atomic layer vacuum deposition. 
[0113] Drawing 34 is a graph shown in order to explain the uniformity coefficient in the substrate 
of the aluminum oxide film formed by the atomic layer thin film formation approach according to 
the gestalt of operation of the 3rd of this invention. 

[0114] The X-axis doubles four points every 90 degrees from the circle which has the radius of 
3.5 inches centering on four points and said center point every 90 degrees fi-om the circle which 
has the radius of 1.75 inches centering on the center point of a 8 inch substrate, and said center 
point, and expresses the measuring point of a total of nine points. Moreover, a Y-axis expresses 
the thickness of an aluminum oxide film. As shown in drawing 34 . it turns out that the uniformity 
coefficient within a 8 inches substrate is extremely excellent 

[01 15] Drawing 35 and drawing 36 are the graphs which analyzed respectively the aluminum peak 
of the aluminum oxide film formed by the Prior art and the atomic layer thin film formation 
approach by the gestalt of operation of the 3rd of this invention using XPS. 
[0116] In drawing, the X-axis expresses bonding energy, and a Y-axis expresses the electronic 
number. As the conventional aluminum oxide film was shown in drawing 35 . much aluminum 
aluminum bonding is seen. On the other hand, as the aluminum oxide film of this invention was 
shown in drawing 36 , most aluminum-aluminum bondings are not seen but aluminum-O bonding 
is mainly seen. This shows that the aluminum oxide film of this invention is excellent in a 
stoichiometry. . 
[01 17] Drawing 37 and drawing 38 are the graphs which analyzed respectively the carbon peak or 
the aluminum oxide film formed by the thin film formation approach using a Prior art and the 
atomic layer vacuum deposition by the gestalt of operation of the 3rd of this invention using 

XPS. , . 

[0118] In drawing, the X-axis expresses bonding energy, and a Y-axis expresses the electronic 
number. A carbon peak is seen as the conventional aluminum oxide film was shown in drawin g 
37 . This means that much carbon is contained in an aluminum oxide film. On the other hand, as 
the aluminum oxide film by this invention was shown in drawing 38 , compared with the former, a 
carbon peak is hardly seen. Therefore, according to this invention, the aluminum oxide film with 
which impurities, such as carbon, were reduced can be obtained. 

[01 19] Gestalt drawing 39 of the 4th operation is a flow chart shown in order to explain the 
atomic layer thin film formation approach by the gestalt of operation of the 4th of this invention. 
The same reference number as drawing 23 expresses the same element among drawing 39 . 
[0120] The gestalt of operation of the 4th of this invention is the approach which combined the 
gestalt of the 2nd operation, and the gestalt of the 3rd operation, namely, like the gestalt of the 
3rd operation after the 3rd purge of the gestalt of the 2nd operation The 4th reactant for the 
removal of said impurity and the improvement in a stoichiometry to said reaction chamber. For 
example, it is the same if what (step 36b) the 4th front face of a substrate in which said thin film 
was formed through the 3rd valve V3 and the shower head 17 in oxidation gas, such as ozone 
gas, is purged for time amount [ the fully reversed time amount ] (step 36a), for example, after 
pouring in for 1 m second - 1 0 seconds, is removed. 

[0121] Since impurities contained in the metal oxide film of said atomic layer unit, such as 
carbon and OH bond, can be removed by this and the problem of an oxygen chip can be solved, 
the outstanding stoichiometry-thin film can be obtained. If it puts in another way. this invention 
is faced forming a thin film with atomic layer vacuum deposition, will raise the response 
probability between main reaction objects before casting of a main reaction object, or after 
casting, and will make the quality of a desired thin film, and the concentration of a by-product 
minimize, in order to raise the quality of the thin film which led the removal and the more perfect 
reaction of the impurity of a thin film other than a main reaction object. And this invention 
lowers the concentration of the by-product in a thin film using the reactant which does not 
generate a hydroxylation radical in a reaction mechanism. 

[0122] . ^ ^. _ 

[Effect of the Invention] the above ~ having stated — as ~ this invention — depending an^ 
atomic layer -- vacuum deposition — having used ~ a thin film — formation — an approach - 
depending — if — the — two ~ a reactant — (— B — ) — from — the — one — a reactant ~ 



( — A — ) — a radical — migration — nothing — binding energy — a difference — the one 
a reactant — ( — A — ) — ligand — dissociating — having . And the volatile gaseous-phase 
matter is formed of association between ligands, and this gaseous-phase matter is removed by 
purge. As a result, since the thin film formation approach using the atomic layer vacuum 
evaporationo approach of this invention does not have migration of a radical, the impurity 
generated in a thin film according to side reaction can be reduced. 
[0123] Moreover, when forming a metal oxide film using atomic layer vacuum deposition 
according to the thin film formation approach using the atomic layer vacuum deposition by this 
invention After making the 1 st reactant react beforehand with the 2nd reactant which does not 
contain the hydroxylation radical and reducing the absolute magnitude of the 1 st reactant, 
generation of by-products, such as a hydroxylation radical, can be made to inhibit in a metal 
oxide film by making the 1st reactant and the 3rd reactant containing a hydroxylation radical 
react again. For example, this invention can form an aluminum oxide film in the condition with 
little absolute magnitude of a hydroxylation radical according to making it react with a steam 
again, after making trimethylaluminum react beforehand with N20 which does not contain the 
hydroxylation radical and reducing the absolute magnitude of trimethylaluminum. 
[0124] Moreover, according to the thin film formation approach using the atomic layer vacuum 
deposition by this invention, when using atomic layer vacuum deposition, the 3rd reactant for 
removal of an impurity and improvement in a stoichiometry is poured in and purged to everything 
but the 1st reactant for thin film formation which forms a thin film in a reaction chamber, and the 
2nd reactant. Thereby, the impurity is not contained and the thin film which was moreover 
excellent in the stoichiometry can be obtained. 
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1 7 i. frsstE5^+>''< 1 1 <D^m<j>mt)^mm-ri 

[0024] friBi' t F 1 7 {C». SV>(CgO^ 

©2*©:tfXttA'SAROfB*5aJS§n-ri,»S, ^L/ 
C©'> + '7 — .-^F17{C«. ISlSJtvigj. 
»25)S!glRc;»3]SlS«J*saASnS. ^15 

=f>;<;f;^T?*o. ^2JSIS!^^^*^<fcS<&^^•c^,>ft^» 

tcit7mM.v$, f). ms ^jtmtTmM^mmt l tern 

tf. *V>. :/7XvO,, y^XvN,0-r*-S. 03 50 



it#^2 001-152339 
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[ 0 0 2 5 ] -e or. fsi m 

^iJ:^riX'SA^mcx^^^^>^^i i©F«3a5K:iiA 
Stv. »2SIS«9BlO*I^3SJ£!^». grtB:«/xaA'ifB 
*iiD-rSiS^i'>^<l lOrtSPtcaASti*. CC 

fifiB01SJS?^<i:l^2SlS!^RDfm3Jgi;&^©:^:^ 

[0026] t?fBi^ 1 mjz.miRiJ^mm^m\i.i^:^it. s 

^^l^V lSiyf||2^V2{cJ:0SfS?'i'>>''<l 1© 

WN'l l©F*3a5'^©aA*s*«Sl3n-5. 
[0027] t(T, S 3 ©jlT-®aElSJgRS$^S*fflC»fc 

fiE|gj^(S^f^Sffi©SISS©?^fiSK:-pi»-ritt?B-r5. 
[ 0 0 2 8 ] ^ 1 ©Slii©Ji5!!l 

S4A^t(,iL@4DW. :^ma^bfcmi<omM<D 

j!7-XA*giBJ-r'S/cJst>©0Mf 
[0029] Sffi (ia3©l 5) . m^itU'J::! 

>S«©tfiASn?tJ5ie^i'>Al IK. ?SBI«:i5:r7C 
1^ (a.) tV:^> K (a.) J: D ^J:5^ 1 J5J£!^ (A) 

i:iiALxmmi5±t^mi^jtm (a) =&^b^®i«s 
iffcs. «jsi»«snr<,>5»isic;«j (a) 

j!/X©A-y{Cj;0^*-r-5 (04A#M) . 
[0030] -XK.. B 1 Slc2^ (A) ©tR«§n/cSlS 
5^i'>^n lK.m2.mM (B) *ffiA-r4. CtlKJ: 

•J. ^2Si&!ia (B) \tmim.^m (a) «c^b^fR«$ 
n^s. cc-c. «riB»2Sjce®j (b) ii/-c». uriJK 
(£3^ (A) t<oms.^ifiiz^^>^%±ts:mw^m^^i>. 

^LT. m2Sfc?^ (B) iO-Ctt. Btfi302SlS!B5 
(B) i»lSt£?^ (A) omm^UtTtM (aO i 

©ii*^i*ji"t^-3W«srs2i»isi;£®j (A) (Dim^tji-r 

7cSJ<a,) i';:^/>K (a.) i©i®^x*;mf-J: O 
*>:*:&C»^Si&ffll.>-5 (04B#M) . 

(0 03 1 ] s4c*#M-rnt*. m^2mm'& 

(B) tmimtm (A) ©WK^^c-Ttc* (a.) i 
©iK^x*;l'=^-35SBtriBl^lSlB«J (A) ©»®«:ife-r 
(a.) <b';j!/>K (a,) i©iS^i4^^U=*='-J:») 
*>;*:Sfl»fc». 021511^ (B) li^lSJCKi^ (A) © 
«lg=&^c-r7cSJ (ai) i:ifS^L/J:5<bU 
Ic?B5 (A) ifih'}tf>V (a.) 

(0 03 2];JC(C. IffiaifflStEiBJ (A) ifi^f^mSti 
y K ( a , ) {*>F$5e%t^Slt?* S/cJ*. :»> 

K (a,) ra©iS^(Cj:o-C»^tt©«ffl^S (D) * 
Jgfi£-ra. *Lr. »«i 5±K:j*lliStc:!» (A) © 
«B**-r7E^ (ax) RCJfm2rac:«J (B) ©SlSk: 
«l:-5TJl^B#{ii©WJK (C) *i0fiS3nS. I(fie»#6 

tt©^i!^H ( D ) «;Rgtt//x©M--5;>{c J: o ri^* 
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[0 03 3] ^^tC. S4A3^CiO04DK:7jK$n/cJg^ 

1 0 0 3 4 ] 0 5 B?fa^ 1 (o^cmimii: i>r)i 
s ^7 AmimoBi&mi^mm ^ /c^^cd o - ^ 

t0 0 3 5] S«(H3(D15) . mtft^y::! 
>S«OlRA^ ti:rcSl£^ 1- ^^''^ 1 1 OC. ^ 1 m^Mt 

(aj <j:*)&S h»;^^J^TJl'5:=.'>A (A 1 (C 
H,) a. TMA : TAJ ) ^SAT^ (Xt^-.^:/! 0 
1) o !KffiK#$nrc^€>TMA«r^rStt:^xr 
l>>c/s-i>Lri»*-r^ (x^--;-:/! 0 3) o cnocj: 

0. ia6ACC7i^3nfc,fc^CC. S«l 5±K:TMA*5{fc 
[0 03 6] ^XtC. TMA©R^SnydSj£^1->^<l 20 

(B) ^feax-r-s 0 5) . cncc^o. * 

(B) 06 B«:^sn/cJ:^K:. tmacdtjv* 



(6) Its 2 0 0 1 - 1 5 2 3 3 9 

10 

* ^r-iJA <a,) CC^k^S^n^o 

[003 7] CC-C. |tfia:^-^/> (B) t*. TMA^O 

ffi*^/> (B) «TMA©r;V5:=.':7A (a*) <t(Dfe 
^x^;l'=^^*-:^i*^540k J/mo l-C*-:>r. IJIBT 
M A cor sr.*:? A (aa) i^^;U';^>F (aj <h 
(tW^W. A 1 -C^x:^;^=^^"-) 
X$>^2 5 5k J/mo 1 <fc ^3 t::^^l^^©!S-C*2>o ItT 
ia^V^> (B) iTMA<D»]g«r«C*r7cSr*€.r;U^ 
^«?A (ai) t(Djte^x;^;V^--*^friHTMA(DlfK 
^3^cCT7n«'C^'Sr;I/^^'^A (ai) <h^^;V';:^> 
F (a,) i(D*S^x^;l/=P-<J;*)fe:^*l^/t2^). 06 
CW:7j^^n/t<tOK:. TMA^^^^^Jl'V^^^F 
(a,) ffi^m^ti^. 

[0 0 3 81 ^/c. StriBTMA;J)^e>»it$n/c^^->l^J 
;</>F (a,) {t:^^^rj:i^mx$>^fc^. HBDKlTn 
Sn^ti^CC. p^5^;l'V:^>F (a,) ra<D*S^K:<fco 
rC,H.J:0J^j:€>@^14(O^H^M <D) ^^l^J^-T^o 

^ux. S^i 5±«:«TMACDifM^^Tr;i/5^':? 

A (a.) i+v^> (B) tcDJSjSOCcfcot:. TIB^t^ 
^ (3) tc^$n/cJ:5tcil^Ji#fi[or;V5^^;AK 
im (c) *^jB^$n^o 

[0039] 



2A1 (CH,) 3+03-^A Iz03 + 3C,H, 



(3) 



«?iB(o»^ttcDSiffl^H (D) isjsurnci^y^^vy 

;^>F (a,) C^-f'-y:/! 0 7) p i^V^ 

|«ifB?gfiK$nft:T;U5::^»>Affiib|g(0/?S3&^JSS:r 
^^ST&^i'^j&^^fiiigU (xf-^^:/i0 9) . 
8513:^7^ ->'::^1 0 l^^^Xf^^?:/! 0 7*TCDSIg*S 

TMA + O, (act ivated) = 

m 7 8 . m^<DmmRzj^:^^m(om i 
SfecDj^aicc J: o r r -11^ ^ ^ M.Wl{tm^BfSrr^ t^<o 
RGA(Residual gas analysi 

[0 04 1 ] mr^U/ci^CC. m2Si^iS^ (B) tmi 

5]tm (A) ^(DSis^i^^XA^cjSorK^s^nsy 

^>F<DJ^8S)5»5S*-S:fe«). XgcfJtC^-rS^JSfcS 
3^coT<'2>o -r^c^-fe. 07C^)J:^^. miK 

(A) iUrTMA*. ^l/T02j£j£«BJ (B) t 
VXTmM (H,0) €rffira-r^JS^tC», ^M^fE> 
7m^t^iy)i'^^^iX^^tifcCH,\ CH.'fA^tj: 

(A) iUTTMA*. ^L/rm2JSl£^ (B) iUt 



^ [0040] C<DliaS©fl5Sir{3:. m2SiltMt L-c:^- 
ur. ^v^vccRi^t:. TiBib^ (4) ccs^sn/cJ: 

30 

^4A 1 (CHa) ,+ 30, 
-^A 1,03 + 6C,H. - (4) 

[ 0 0 4 2 ] 0 9 w^(ow^in,zf^^m(om 1 <J>^ 

t:f ^ -y- >f ;V^{C J: T-^l' 5 •? AKf fclB<DJS 3 *7jk"4* 
40 [0043] M^)i^«ffi«. ^ffi^g!5Xgtr*SA: 

mmm^^m\^>xmmifij^^stii>ti^'> c tifi^tf^ 

[0 04 4] tC^iifi. II2SIS«5 (B) ti^XimSS, 

50 ?B (OfcT^Tn) i<Dra«:«. jetw-fd^ii/^Diii^s&im 



C7) 

[ 0 0 4 5 ] H 1 0 m3^zj^^^m<om i o*sso 

[0046] lllJKlt«» (A) iUrXMA*. 10 

m^m^m (B) <h Lr7K^^^fl3(/^r?^fiR$n/cfie* 

>^hu;^co?K^*«4 5 o*C'r?lSR;^h 
MA*. -eLrm2jg:js^ (b) iL/r:^-^^^*^^^^ . 

Ur J: 0 S^-e* -5 C <!: *5»:^So 

[00471 01 1 Se*<D^JBSO^'*%?^<7)l^ 1 * 20 

m<DmnK ^ ^ xm^s. s titer j^mim<D^r 

^- U > i^^tc J: S /IS iRffl^^^T r * S . 
[00481011 OXlfttC*5lir N 450. N 7 5 
0. N8 3 0»S^4 5 0'C. 7 5 0*a 8 3 0*CC^>^ 

O4 5 0. O7 5 0. 08 3 Oti#^ 4 5 O'C. 75 0 

•c. 8 3 0 "ccDmMwm^Txikr^- y > ^*?f ^ /c 
rto«8 5 o-cr^tSiKfk^'ii-fc 

1f>:/;Vr*'So «e*c^e?5BSC^:$:^?^cDmi^McD?^ 

[ 0 0 4 9 1 S 1 2SO'0 1 3 . Se*<oe^5BRDf 

[0050] ii^(DimRU^:^mm(Dm 1 HM® J^SStC 

tiftJ:^(,C. 1 8 0-'9 0 0nm(^ECi5gS^'r®JlX^ 
^[3^50. OOSfe^TOffl^WT^^flEti/cSWSt^T^-ro 40 

r?g^$n/cr;i/^:^^AKil:Sc^HST^t*. 0 i 3k: 

[ 0 0 5 1 1 s 1 4 i^i^<DmmRu^^m<Dm i m 

[00 5 21 01 4CDXttW:*5l^r. r a s - d e p J 



i|tPi2 0 0 1- 1 52 3 39 
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N450. N750. N8 3 0t*§^45 0 
•a 7 5 0U 8 3 0*C©^#fflMT-C^T^-U> 
y%tf:ft-:>fc1f>:/;l'r*Sp */c, O4 5 0. 07 5 
0. 08 3 0«^^ 4 5 OU 7 5 0-a 8 3 0 'CCDK 

R T P « 8 5 0 •COffiSR^fflMTrfljiSftK^ 1 3 M:fc^ 

r200 : KDHFjg^-CSSCx^y ^>d/'*ffo/c<b# 

[0 05 31 01 4^^j^sn/c<fc^tc. "^^(oWMtxy- 
m^. 8 0 0 -cJiyi^fi r »; > ^^^tf ^ ^ ^ 

>i^3iS*i2-'3A/m i ntC^MTSo ^fc. 800 

•c«Trar ^- y > i^^tf ^ tf . i o^ji 

G!)jg^^ <fc s r ;v 5 - »^ AM{tK<7>x ^ > 
3R4cit'N.r*^3 o%/hs<^'Sci3t^5^:o^'So cnx 

(b L. r fflc* J: 0 «>^t^Wtc^5e lr> ^ C <!: 

[0054] *«wa>lli<DlUfi(Dj^«Su:J:-5r 

[0055] 01 5». :^m^(omi<o^<rmw^J^ 
-yXl^^SL^tlfcmmmffinm $ 
$^t>«5§*^-rWTS0'e*So 

[0056] *^J<Oll 1 oymMOMmcJ^ -yXl&\&^ 

ffi2 0 1 , =i>S«Lh^cj^^$n/cTgB^@ 
2 0 5. Sf®S2 0 7RCJf±aBSffi2 0 9 *$tf, 0 1 

5*. mm^2oz{tmvmmmx^n. #m#^2 
1 i«+'t'>'S5;^^<o±sa5ms±u:?&^sns+i'-^f> 

[0057] fetT. mriaJ:a5mffi2 0 9SLCrFa5m@2 

0 5 (DM:;^*^^©^^ K - f > y 3 n/t 3j< u y =J >M 
rlt^U. 7lpoiim^2 0 7 ^^^(om 1 (D^ifiCDJ^ 
J: o xjm^ titer 5 ^ AKftBlr^ L/c+ 

TSUm® 2 0 5 * :^i|s6J^ OD F - > ^ § n 5i< »; V y 3 
>lSt?«fiR ilSIR2 0 7 1 <omM(01& 

m!(icx->xj^jSut^titcr)\^^:^oi^m\tmxm^SLi^. ± 

g|5«=Ei2 0 9«TiNli'r1t^U/cit^* TMI S + i- 

<bi*^p s^i. firsa±a5«e2 0 9RcrFSi5« 

ffi2 0 5<DW:&*e^i^^K. m«Pt. Ru^ 

gimig2 0 7«:]ffi]SjS. m^\t^:y^)m\t 

K^BST (BaS rTi O,) ISr«J^ELfc+^'^^•2^ 
[ 0 0 5 8 1 0 1 6 1 <D^(D}i5filCC J: 



13 

[0059] ^^mcom 1 (ommcDmmticjz^mmmtii 
>s«3o It. mmmti.xy-hi^m30 5t. 

#M#-^3 0 3 ^i^*fi% K f> ^^i^-c^ or . 
[0 06 0] CCr. *^igcD*^<*^-7-<7>h'5^>5>X 

S3 0 1 wTSBrnfficcj^jSi/. 0 7 \t±m 

[006 1 ] ^x^c. s^eg©flai[±++^^•^'»«^&*#M 

[ 0 0 6 2 ] H 1 7 Sfefe<D^ i'-'^'2^^Rt^»98C?> 

[0 06 3] :^mn(DS I S ^ >'n*^^ (O^T^^) 

m<omwsi^^mtj:hLit>ftct^mi>x\ttm-(icmi& 
^^j^t^^xm^mumtimwL^&xi)^ i e - ? a 

ri E-7 J ;Cc<i:«. ri X 1 Q-^J fjit^9fCi-ii>(OX 
[ 0 0 6 4 ] 0 1 8 ^m^R(om 1 *iSO?^gS^ci: 
m^\m^ X^V-i^ mm^&i^ lE-7A/cm*« 

[006 5] HI 8«:^LfcJ:0tc. *^?aK:J:^s I 

s=^i'/>'$^^». ^mmim(Dmsi)^3 5Aitx\t^M 

( 0 0 6 6 ] 0 1 9 :^^^M(om 1 c?:)*]Ka:)J^SS^ cfc 

[0067] JitxmSSffiS*^ 1 E - 7 A/c m'r& 
MI S + ^'>^^•>'^©ia^. ^M{k®^^i5^^2 6. 5 



i|$ra200 1-1 52339 
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[ 0 0 6 8 ] 0 2 0 ^^<om 1 (DSIificO^m J: 
[0 0 6 9] tt3Rcr)+i^^>*S^af». *^?§CDM I S^-i' 

^ eh J:bl5ur. ii^ii^^t^rtipl— -c^Sc 0 2 
0K:^5nA:<J:^»«:. *^§8co0 1 OlUfeO^JIgCC J: 

^^%y^\'X. 1 f AtZ^iitimSKfit-C^Jli 1/ 

'ra?>i$?;l'm{hM (TaO) ^m}c3S.-mtm (NO) 

^j'^%^^\tm^(D^^^^ty^tim.VX^^t^. lit* 

mm\mx^&m<omtiw^mn^^m'r^ c ij&^r* 

[ 0 0 7 0 ] 02 1 RCmi 2 2 . Se^OC^JBRC; 

1 ©ISIScojgSloc J: e r 5 - ^ A^ib^^ 

[0 07 1] 02 is?yfa2 2cc*5i^'r. ruegftj « 
^^^-To 02 iK::te(r^r. r#j ^se^oS^^c o 

fv^Miotr^fiKu/c^. 4 0 0-C'T?7K^T^--y> 
^*tfftoycis^*^t>-ro 02 2(c*5t*t:. r«j 
*^?§CD|| 1 J: o r •t' fc:"> i^lii L 

U/cS4 0 O'C-CtK^T^- »; >^^?f o/cit^r* 

mt ut:jggELfcf*7 0 0 -cr^r-- y >^i»r> 

[0072] -jKtttC. *^^*^^FCC*5t>t:M I M^*^ + 
^T6^i'-^t:->:5^li^^^*r^o <hC?»*s^ 02 1«: 

m^tifc^^i^. :^m^(Dmi<om:&i<D^mtc^-Dxm 
fSL^tifcr)\^^:^^Msmim^=^'^y^'>^!^tLXU 
ffi-rn«. iitimSSffiSl E-7A/cm*<7>S!i*^6 

SSa^tSS^^bSl^tcl^o UjJpO. 02 2tC5KSti/cJ:^ 
CC. ^(Oim^^'oXJ[m^tlfcr)V^:^^AmitB 

^^^y\i^>^mtLxmmirin{t. mm^^:mM(o 



C9) 
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[0 0 7 3] m2(omm(oj\^^ 

<D^ 2 o«fi©0SS*SiW^* fcJsbKTT-r 7 n - 9^ ♦ - 
[0 07 4]S«el5 (EI3#M) . mtfS^'J3>S 

[0 0 7 5] ^Xtc. Slc:.3^i'>''-«1 1 (lil3#HS) «CS 

9^«E->-CSrS5^i'>-'^l 1*1 0 0-40 o*a 
Jf*U<tt. 3 0 0~3 5 0'C©XSaffiSi:/l~l 
0. 0 0 OmTo r r®X^^J{CfiS-:> (;^7=-iyr^2 
3) , B5iBX|iseRcxx^:^»fgi^-r-5XgM:*ii,> 20 

s. 

[0 07 6] >XOC> BirfBXgSSS:0fXgEE;f3*fi^r>yt 
*t®-e. JSlS9' + >-'^l IK^tl/THPl^Vl*:*— 

mimmi 1. m«by^^^«'TJU5-'^ 

A (A 1 (CHJ , : TMA) *:*fX ^ W >ARiyf5^i' 

ry — Y 1 7*aib-rMI^S®«ffl=&+^K:®s^ 
ffi±«:ii 1 msmofiif^w^^tih. 30 

[007 7] >XtC, «rfBXgiaSRyfXgEE**«-5;fc 
«esi-c. S^c:9^ + >>'^•l i«:S*L't:iltRKj{cm2^V2 

0. 1~1 OOi&fa i;X''^"-y-r-5 (:^f^5':^2 7) . 
C ntc J: 13 . S« 1 5 ±{C!g^!RSf 3 tiicm 1 SJ5«J*s 

[0078] yc^C. WiBXgaSRO*XSlE^I*«-5fc 

:r2 9) . «?fia02SJ5i}iL/r», N,o. o.. o, 

SJiB{b^R«3 ixfcm 1 SlS^JSiy'll 2 SlS!BJ*i5(,>{c 
SJSL/T. friBmiiS)C£?BJ*5^IR-K3RM^BK:^3 
n-S, S«ff2ll2SIc>©)l*miS)C£:!g)i©Sic.a*5/hSl> 

-5. 

[0079] ^XCC, |irfBX^SeSC^XgBE;^4«ofc 
tt^-C. Sl59=-i'>-'n 1 4:FrS14:</:^-rO. 1~10 50 



^ZOO 1- 1 52339 

0f^^ra2>x-'^•-5^^r:^^cSJSiBI%BX^)lss^< c^^^ 

7'3 1) . 

[0 08 0]yi«:x l»4^V3*:i--:/>S'e-C. 03 

sjCi^. m?i\timm. (h,o) ^tt-o^^bi^^:. 

■7 — F 1 7«:3u:;t:itria»ffi©^®*+^tca«>^ 

la. m«imfi>~i o#ifflftAr* (;^^fr^3 

3). CtlfCJ:*). MIBII3Slt;!aBfiirfB02SlB®«: 

1 SlGK)©^ feSlEli-rfc^-pifclS 1 StCtlRWf 
3 SlEi^ »Sl- i SIC b -C#M - KlgM^® gg| 3 

n-5. coi*. l^rie*K'^b»4^^■cl,^^i:^>»2S)S 

[008 1 ] c®s^iS©j^fil«:*ji^-c«. frie^K^b 
KtL'-CTJJ/S-'>AKftlBI (A i.o.) «:t«lK:8Sio-r 
TiO,. ZrO,. HfO,. Ta.O,« Nb, 
O,. CeO,. Y.O,. SiO,. In,0,. RuO,. 
IrO,. SrTiO,. PbTiO,. SrRuO,. C 
aRuO,. (Ba. Sr) T i O,. Pb (Zr. T 
i ) O,. (Pb. La) (Z r . T i ) O,. (Sr. 
Ca) RuOj. (Ba. Sr)RuO„ Sn*sF-tf 
>d/$nfcln,0, (I TO). *fc«Zr*SF-tf> 

[0082] iXCC. ItliBXi^SSCXXgEE^ifefiSoyt 
^■c. + 1 1 ^:^^i}:^-C 0 . 1 ~ 1 0 

0#H3^A-s?L-c:^^cjSJ£!^«rffi'3K5#. -e©^ 
S^-M*fit©^JRffiMblll*Ji5)iST S— :>©-9- i' 

(X-7=-y:/3 5) . jeJSJ&?)«> iJIB^-t-yf^ 

Slo*S:^E«:fflJ±-r S c i -C # 2. „ 
[008 3] ^>C(C. S«Ji{C0fiSSn/c^JSK{bM©il 
3©JiS. m«*^l 0A~1 0 00A'C***><!:'^3&> 

^mm-r^ (x7"-v:7"37) . cc-c, Jig:^ci?s^c6 
1 jS(c*©aAaii ( f 2 5 ) *ie>^N"-ymK 

(Xf^:»7'3 5) *-C*®SIW«:«SI»)3lL.tf ^. 

[0 0 8 4 ] 02 4^i:V»LS2 7«, :^^m<om2<Dm 

5Sl6^©ie^KI«^*lftW-r'5^cfetc^n-r0-C*S. 
[0 08 5] ST. »«15. mtfi^Va^SIS^K 
3R7 9t»i'>i'l/"C. 02 4{c^3tifcJ:5tc. ^1 
5©3^>4^';>i'3i^> F*^iie^-t*L**. j£:>S|)&: 
6 tf . l5iB»K 1 5 ©K*7 5 -» i^«?f t>^c <Xi> 

[008 6] ;^i:{c> itriB 1 0 0 ~4 0 0 •c©xgaaR 

yfl~10. OOOmTorr ©XgEtl*5«fcn4Jg 
lE5^ + >-'U IKHlSJtJife-C&.SFy^^^^l'T-H'S^ 



(10) 
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(A 1 (CH,) 3) ^&JKOfc^. ryy^^^yii-^^ 

%v V s^v^sn/ts^ 1 5 1 m^mimM^ 
n-So ^t^f^%. ->yn>s«±«:»s i -o. s i - 

0-CH,*/t«S i -O-A 1 -CH,&^SS©Jgffi 

2A 1 (CH3) 3 + 3NzO 

-»A UO,+A 1 (CH,) 3 + 3C 

y^^bTii/^^-i^A^&stgttstii^^^eA i,03 35»«JK^$ 
n>»s±K:tts i -O-A 1 - o<ojsm^mc.< S^}& 

[0089] ^XCC. RJC6:^•^'>^^*CC||3SJSiB5. t«;l« 
im3< (H,0) ^ffiAL/cft«:T;l'::f>:^;^^>'^*--t;^ 
T-So cntcj:9> 02 7&c^$n/tJ:^tc. tJIBR^ 
Sn:fell 1 JSJSia©^ fe«riB»2 JSl6iai:JSl£Urg|o 2( 

/cm 1 sjew^i? 3 mmn h ^ - mMM^m 

^2 JSJ&«5Raf|l 1 JSJ£ia**6*»i;2s?>SlS$-l3:t:tfriB 

[ 0 0 9 0 ] c c-c. 7mim<Dmtwifi{!>ti:i^m7'» 

[0 09 1 ] tr. !iefe<DALDffiK:j:») 

TJi'^^'>A^{tJ3i^j^iS-r^iS^. fiffa{b^2^^ 3 

(.^My^r^-SA 1 (OH) ,3&5^*tl^o C<D<fc^& 
mmmv$>^A 1 (OH) . ASSIST ^/ces?)OC. 

tJ^*CDALDa^J:«3?KlS3n/cT^L'5^'5AM 
{bliCOXPS (X-ray Photoelectro 
n Spectroscopy) ^5f*tf -o/to 
[0 092]S28(i. Se*<DMT-Jl^«SSK:j:0?^^ 

sn/cT;t'S^«?ABt>fbSiox PS 5^-7:7^*^0 02 

[0093] fi^3ftC!)A L DiSCC J: Ofl^fiSSn/cr^l' ^ ^ 
'^AK^bKOhr-d^tiS 3 5. 1 eV«:*,Cx4!;UT:&ffll 

W:d>L/E<3SnSC[):J&^^3&^'So »l#^ntf. Se*<OAL 
Dffi{cj:r)Ji5^3tiyfcT;l'5^«>AM<b]S«A 1 (O 
H) 3^$^rt:»^/c^5?). ^5^Aj:r;i'^^'^A^{bIi*^ 
0^^nrtr^S4!^^:7 (a) JcOfcEfliKDtJ^^::? (b) 

[0 0 94] «±OC<i:^:#SL/T^^<h€f. S^^CDJ: 
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k [0087] ItfiaSJS^i' 1 tc*K^bS* 
. •g^n^3^cCl^m2S^^:!K9. n,o. o,. o,* 

fc»CO,«:aA"r^c ^2j5J^:%iU'rNzO 

:g.^t^ijs^sjs^»TfB{bi^ (5) ©aot?* 

[0 0 8 8] 

,H5H-3N, T - (5) 
•t±-Si. mia{bi^2tc^sn/cSlSCcj:-:>r7KK{b« 
^^^-cl^€^Al (OH) 3*s/t<^^f^6n4o c<d 

/c8?>. A 1 (OH) 3(DM^?«6^/cJ6^ti. tK^,^^*: 

ti\ttj:hfji\4K :i^miX\t. h »;y5=^;l/rJi/a^'i;Ai& 
*^^bS^^^"Cl> /j: N a O i * 6 5 -tf T 

h y y ^;i'T;i'5^«i?ACDjia>(tM^iS6L/3rcatcsaf* 

[0 0 9 5] ^29Raf^3 0«S^. 
i Affi!<fclB©iinm««Ft4***r^^:7't?*^>o 

[009 6] r)^^^^'^^mm(omtmm.w&^^^' 
mi#e<3oftig (aRo^c) »TSBm®*^5^^';^> 

FtaDSUv 3CPO±gpaffi»0'-5V*-C<D«II^EnJJP 

Vtii)^h m^M^M C TiS tx -fe ;^^/c D ^Sfe<7)M* a? 
%\^fch(OXi>^. 02#SCDfti^ (bRO^d) tiSfi) 

32 9 <blt«UTia-«BE. «?!I;t«2 Vrtmti'^Jfi'P 
ts:<. ;0^o||l#BRCXII2#@0[)ft^HcD^(!lfeSC^ 

[0 09 7] l|3(D^Jfe©JKJB 

^-h"C*0. S3 2J3:. *«?B(Dl93SIJS<DJgJS«:<t 

-ctt. r^i/s^^/AK^bjgi^Ji^^-r^fflg^wicciXor 

[0 09 8] «=E1 5. :3>»^«:K 

{bS/i:«^{b/7;^*^l^XM^S/diKm:7 ^ ^ ^>:5^ 
UTSffil 5CE>d^>yU>d^sJ<>F*ffi«S/c«ga"C 
*^^*n.s-r^ (>^'f'->^:/4 1) o tiria^*/c(i^:7 

0 cc. ^viyrn^. u^)zi:ym\m. i^v^:ymm(oi& 
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B^fgii^^L«f>r*>ftt,^ */c. BITS 

s« 1 5 <Dmm$fcii:mmy ^ -j ifm^iofi <xi> 

Sir*. 

[0099] 'Xtc. Jgjt;?^ + 1 1 {c«s 1 5 ^mx 

■srSlS^ + W^l 141 0 0~40 0*0. »*l/< 
30 0-3 50'C<DiafiSC;fl~l 0. OOOmT 

0 r r©ff;*j®Xg^#CCfi|o (;^f^"^y4 3) . 1512 

to 1 0 0 ] Birf5I^fl=4«-5fc=KSS-C. SfS 

l«:*fb-c^l#V 1 Iffl 
SJSiBii 1. P!I^«n;^5';i/r;i/5^'^A (a i (c 

H,) , : TMA) ©^MJaS!a4;</;^^-<>ASiyf'> + 

^pa> m«v im#~i oi{*ia^-rs ix^f-v^A 

5). cntCJ:*). K^*/tBm^7^2> 3 tifc 

[0 10 1] i^tc. s5fiaxg^^*«oft:t^jsi-c. m& 20 

^^-fVAl l{C*fL-C®j;WK:|g2^FV2 4:i--r^>3 
:T^:</X. mKT-'V=f>:tf;^€rO. 1~100 

?i>igii^>'N*-y-rs (xf-^r^4 7) , cntcjco. m 
« 1 5 ±tcfefflfR^ 3 n/c» 1 5j£!^!WR 0 m>m>. 
[0102] <xic. frtaxig^ff^fiir^fciKffiT?. sie 

lK:)^tL■Cll3^V3 43^-7■>S•li•. + 

■7 -V F 1 7 4ai;-c02S)c&!^. m«7kflR« (H 

,0) f3:i^mittiiC^tlfcWiitt}X^UKri> (.Ts'Tv 
:/4 9) . 

[ 0 1 0 3 ] c ntc J; 0 . miwmiM^ titcm 1 si& 30 

i>. -r^jrt)-^. TMACDCH.RyfH.OODHBSIobr 
CH,iL/-CK»)^>n. TMA©A lao^HjOCDOB 

«KJBfi£tC^L-C. XgSS*J4 0 0-CJaT<D<SS-Cff 

ton-s/c8f>. TMA3!is^^{c^»$n-r. -ecDiSii:. r 

[0104] ^X(c. B«fsxg*fr4«-5/timr. sje 40 

1 ~ 1 0 0 »m 2 ^^t/^-y i/rfriBSJos n-rtci^a® 
«Stit:t,^SII2jSiD!^4a!iOI^< (;^'f 5»:7'5 1) . 

[0105] '^XVi, irlBSl65^ f >/-?{CMffi^^©l^ 
*RWb^iK&©|n|±(D/ce«)©^3JS(£®. m«:*-v^ 
>«C<!:-©K'fb:</;^=&ll4#V4SUf->i''7--^-;' F 1 7 

m«lm#~10IMaffiA-r^ (xf--':/5 

-5^lg^OH!j<>F«:i*©W!gJ«rK5*-C*6<t^K:. 50 
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T;i'5->i»AK'fI:K©KSi^5^W©raSi4»9i-r$^. •€•© 
[0106] <^K. iiriaxi^#4fis-5fc«ssr. siS 

f^+>.'<l 14^14;*/X-C0. 1 — 1 0 0#P43;X''-« 

'^mfi^ (X7=--y:?"5 5) . 
[0107] Sffi±{cj^fi£$nfcM-?Jl*tif©W 
]K©/?S©5a§. mi*^l 0A~1 0 0 0A-C*S*> 

(iff ig©Ji5Ji£aF§4*^A. ^ -Oft Wtilf giriai^ 1 SIB 
^(O&xms (X-f •y^4 5) *'e,:^rJ5tt:</;^©3^^-'>' 

[0108] *ie!ifi©j^ss(c*ic»t: . wian i sic?^. 

l&2S(£:i»&CF»3Sl£!Kj4«^^Sl6'©-C*S h V 
j.<5^;VT;1'2->?A (A 1 (CH,) , : TMA) . »{t 
5!/x-c&-5;4^im. :T=*«!a©^*Raf{t^ai&©|6l±© 
fc«i>©:t ♦y>5!/::^*fflc>T:^K-fkiar* * r ^i' 5 - •> 
A®{bM*J^fiSL-:fc*^ l^lStE^gJ. ll2]Kr£?^RtXSr 
3SJ6'a«rS<r^5lE^-C*^T i C 1 ^{t^X 

[ 0 1 0 9 ] S €>{C, 2|E*l8©M^H^5S*ffl<'»^:iS 

^^mti^iamtLXit. TiO,. Ta,0,, Zr 
O,. HfO.. Nb,0,. CeO,. Y,0,. S i O,. 

#, ?t^Mb!^©«^i L-CKS r T i O, . P b T i 
O,. SrRuO,. CaRuO,. (Ba. Sr)Ti 
O,. Pb (Zr. Ti) O,. (Pb. La) (Zr. 
Ti)0,. (Sr. Ca) RuO,. Sn*iF-t>y 
Snfcln.O,. F e3i!!F-f>i^3ti/c I n,0,*ft: 
BZ r*J F-t>i/^Snfc I n,03 4W^.Ci*i-C* 

|?iB*M^^fb«I©Wibt:S i N. Nb 
N> ZrN. TaN. Ya,N,. A I N. GaN. WN 

l/r«WBN. WS i N. T i S i N. Ta S i N. A 

1 S i NSfcBA 1 T i N^W'SC i*«-Ctr-5. 

CO 1 1 0 ] wsmtyt:^^m<om^m^mim 
ic^mv^^. -€-©^iL/-cw:. y-bmitm. 

[0 1 1 1 ] @3 3«. *#feig©m3©ll*S©J^SI©M 
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[0 112] H«:*5t^rxttt*if-<^;HS^^*ro cc 

[ 0 1 1 3 ] 0 3 4 3 (09M(01&^^^ 

[0114] X«i«8 >f >$^Sffi(04>*J^v mflBtp*,^. 
^*.CN<h L/T 1 . 7 5 -O^CD^S^^T^^TO^^Q 0 
S*5#K:4,«S. 8Jfa**i^v«r*^i:^iU-C3. 5-f>5^CD 
¥S^W"r€>R3JP6 9 0a*5#CC4i^.^^:b1±rW*9.#, 20 

^^^To ^3 4 tCTS Stl/c J: ^^C. 8>r>^<DS«rt 

[0 115] 03 5JiO'03 6«S>^. XPS^fflV\ 

[0 116] 0«:4(5i^"rxf4«4<>'r^>^x:^ji/^-- 
K<blS». H3 5K:^Sti/cJ:^Cc. Al -Al^i^^f' 30 
5^»i?AK{bMW. S3 6 tc^$nA:i:O0c. A 1 -A 

l;J<>7*^>^ma<^:^^B6nt'. ai-o^jo-?^ 

[0 117] ig3 7RCfH3 8«S^. XPS^ffil*, 
[0118] 0CCfe(,^r X^^Ji^^f" ^ > yx:^ Jl/^^- 40 

l8^<J:'57>^V5^^AK{tMti. as 8K:^3ti3feJ:9 
[0119] ^AOnWomm 3 9 *^?aCD04 
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[0120] 3js:^|BCD^4CD^O?^filti. l^2<D^ffi 

-So -r^c^D^. ^2CDSOgcD?^^cD3^X^^•--:^m^. ^ 
3or)^oj^JS<Dcfc^K:. iiriaSJS^i'>^^*^CHufH^J« 

^CDl^*RCHb^¥:fii&©[«I±<3!>^2^><^^4J5JS1?5 Wl^ 
«:t Vlyi^Tstj: ^OWiitii 3 ^ V 3 iRJ/t^ 9 - 

+^«:S'S^r^ . 1 1 oi*raaAu/ca 

(Xf^tr-:/3 6a) ^c4;^fe^^•-t^^^ (X^--^:/3 6 

b) ci^^c^r^l^^r^^o 

[0121] cn«:j:o. m^m^f-mm^^o^WAm 

/db^s»ff}a»M*f#^ c <b ^^t? 1 3o ^-rrn«. 

[0 12 2] 

(B) J&^^HISJS^ (A) ^<O^V^t/}\^<O^W}tJ:L(iC 

m^x.^)v^-<mi^>^^^r:mimm (a) ou// 

[0123] ^fc. :i:^m^^^mi'mmmm^mii>fc 
m^mm'i>t^«:. m i Jg^&®**K^fcs«:^^'^^^ 

^^3jSjs^<t^»c>'ias$-i*^ci(cj:o. ^mmt 

c ^«ssr T ^ ^ A K< bM* 2> c t ^ ^ o 
[0 12 4] S/c. ^S??(cJ:SllT-«^.#ffi*ffl<'^^«: 
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[01] ^^e*^DJi?ji^«?^^ffl^/>fc7;l/5-'>ix^ 

[04] *%B^(D^ 1 ©USEtD Jgffilc J; 5 

[05] :^mm(Om l OlISgcDJg^tc.tST;!/^:^'^/ 

[06] 05(DM?S^«r*%ffll/^T7;l/5^'>i.^ 20 

[07] Se3l5©a^gfc:J:-3T7;I/5:^^^ASSftli«m 
[08] :$i^BM<DMl<0mm(DmmiCX-z>r7JlS.- 

[0 9 ] i^5R<oaffi&t;*^B^c7)^ 1 (ommmmic 

»i:J;S7;i/5^'i7A^ftM©Ji?^/T^-ri^^7-p^;So so 

[010] u^(DmM^^m(om \ ommmm 
[011] 'ii^(DmwiRxs:^^BM(Dm 1 <omm(omm 

^^fftJ;«JP3iRili$J&^-r^^97-p3&5o 
[012] '^M(Dnm\cj;:-:}rBl&-^nrc7)l^-'y 

[0 1 3] :^mm(Dm i (omm<oBmu:^^xm^^ 40 

^^^•ryv7T**«o 

[014] sf3fE©ft$i5Rif*%w®m 1 ommmm 

icx-:>rBis.-^nrc7)i^~i;L.mim(D'^7--v y 

i'*7 7-efe-5o 

[0 1 5] 1 <omk<mm\cii^x^^^ 

^r;-reTffi0T'355o 

[016] 1 ®llflll®0«»c i o TJgBK? 50 
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[017] t£3RtD++^^>^Rtf*^B^tD^ 1 (onm. 
[018] *^B^(o^ 1 (Dmm(DBmicii-^xmj^-^ 

J: Slil^ffi%^-r ^-7 7TfeSo 
[019] i^mmm 1 <D^fi£'?)Jg.«t<};-3T}gfiK^ 

<!; 5»n«j5S!it14>g:/TR-r 7o 
[02 0] *^B^<D^ 1 ©^BS<DJ^ffilC<toTJg^? 

[02 1] se5l5©S$llfcJ;57;V5-'>Allfldii*M 
[022] :mm(om 1 (omm<omm\c j: 5 7;i/5 - 

[023] :^^m(omi'm^mmm^^rcmmiem 

;&ffll^fc»^}^^7DSlcJ;-pT77l/^:^'^A^ftJl^J^ 

[02 5] :^^sMcom 2 <o^<mmm.i-mmm'ik 

[026] *^0^£D^ 2 cDflSEcDJg^©IS?M^«S 

^m\'^rcnmBisj5mzi:'^x7)\'^=.'^Ljmm^i^ 

[027] *^B^<Dm 2 
B^-r^/ci6«D0B-t^So 

[028] mk(omiFmmmmc * -p tj^bk^ n^c 7 
^i/^^i-^AHfti^ox p s ^•77-efeSo 

[02 9] t^5!$(DgirifcJ;-pTS3g^nfc77P^-'> 

[03 0] ^^ummzcommoBmic^^xmM-^ 
nrc7fv^-'>Kmm(omtimm^^^-t^'7 7 r- 

[031] *^BJ©^ 3 ©HfiS^J^ffit ± 

^ffi*ffli/>fc»flUgc^j*^iiiwrsrci6<07u-^-\' 
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[03 2] :^^m(r>m3(onmmm\c^?>m=i'mm 

[033] *5i0^<o^ 3 mm.mm(Dm'?mnmm 

[034] *5iB^tD^ 3 oymmmmic ^ ^m^i'mm 

[035] X p s vtM(otimc X ^m^mn 

[036] X P S *^B^£D^ 3 OUSScOm 

[03 7] XPS;&fflv\ fi!3KcDaffilJ:i:5IS?Sil 

[038] X p s mi\ ^^m(D^ 3 mm<Dmm\c 
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nrc7)]^^-^i.mm<omm\i—>^^mLrcyyy 
[039] *5I 4 <oiifli©}^^fc J: sig^iiif 

I i-as^^v/'? 

I I -R^m 

1 3 -9--fe:/'^ 
1 5-m. 

1 9 - vi^yy 
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